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FIG. 2




U.S. Patent May 30, 2017 Sheet 3 of 38 US 9,667,355 B2
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FIG. 10
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FIG. 16B

Radio frame#1 Radio frame#?2

il -

Subframe

ZOObA

—— | '

100“""_" |

PBCH PBCH

d
.
oo
M
L

PBCH

Subframe

Radio frame#1 Radio frame#?2



U.S. Patent

May 30, 2017 Sheet 21 of 38 US 9.667,355 B2

=il

FIG. 16C

Subframe

-eanll}

1st Slot 2nd Slot

e L--apll -

Subframe

<—>‘
L1
112(3|4|5(6F0%1%2%3%4|5
HEEE

HEEEREEN
1|2| PDSCH [0%1%2%374|5
HEEEEEEE

Subframe
1st Slot 2nd Slot

Subframe




U.S. Patent May 30, 2017 Sheet 22 of 38 US 9.667,355 B2

FIG. 16D

Subframe

-q h"

1st Slot 2nd Slot

il gl -

Subframe

<—>‘
HEEE
112(3|4|5(6F0%1%2%3%4|5
BN

—_——————
e
I

'i_ T T T T --

! Controi\ 3145

: Information
|___.:.__.I.___I.___I___I___J.__J.__J.__ ---

Subframe
1st Slot




US 9,667,355 B2

Sheet 23 of 38

May 30, 2017

U.S. Patent

1ap0odap
ONIN

AR

10]eull]So [aUUBUD 101eull]So [auUUeyD

Ulewop swli) urewop Axusnbauy

JOJeWIIS3 [UuRYy)

7Ty ¢ Cld 1 C1d

L1 DI

141 XY

L1d

0TH




US 9,667,355 B2

Sheet 24 of 38

May 30, 2017

U.S. Patent

19p0J°P ONIN

veld

192 buIABS 10

J0J2WIISS [duueyd

192 bulnIgs

ctld

IETERIe

ctld

Jun buiddew-a.

yL1d
00TH

J01eW11Sd [Buueyd
192 Joqybiau

|90 Jossalbbe Jo4  €TTH

sl DI

10}9919p gy9

(Ll

dUJRBI - 113 -

1¢1d

L11d

19pP09pP H)4d

0CTH




U.S. Patent May 30, 2017 Sheet 25 of 38 US 9.667,355 B2

FIG. 19

Io [, S
Transmit power
[ S [,

Scenario 1 Scenario 2 Scenario 3



US 9,667,355 B2

Sheet 26 of 38

May 30, 2017

U.S. Patent

UOI}eULIOUI
HOgd 19bie)

19p023P
HJgd

101ejodi)ul

3w

4k

143

j01eNUaLe

asiou

uleyd buipodap Hgd
10]eWI)S9 [dUURYD

. ST P958Q-54)

JaAOWR) [eubis leubis

IEYENENT] - L3 7% - o=V TERET

leubis 1abie) ueyy yibuaiis
leubis ui Jabue| [eubis acussapsul

0C DI



U.S. Patent May 30, 2017 Sheet 27 of 38 US 9.667,355 B2

FIG. 21

12 RS (6 RB)+2a (Max 8 RS)

F——— _—_ﬁ

0~4 RS
(0~2 RB)

0~4 RS
(0~2 RB)

L
L
¥ ¥ KX ¥ ¥ ¥ ¥ ¥
----q
L
----#

H/_/ . ~ / R/_/
o 12 RS (6 RB) o



UONBWIOJI H)gd Paulelqo

US 9,667,355 B2

IN-HDgd 40} JoJewilsa [puuey)

j01eNUdNe 1un buibesane 101eWI1S9
L2l 3siou = IOqWIAS [BUUBYD S

el

Sheet 28 of 38

May 30, 2017

CC Dl

U.S. Patent

144 XY

leubis
DAAIDID)



U.S. Patent May 30, 2017 Sheet 29 of 38 US 9,667,355 B2

FlG. 23

E ; X(l)(i)
2|
jﬁ {x i)



U.S. Patent May 30, 2017 Sheet 30 of 38 US 9,667,355 B2

FlG. 24A

Illllﬂﬂllll

Control v ' '
Region [l il 0 '1:.'-'- 3 J. :-'.'.:,-. B

Subframe

(O Serving cell's CRS
A Intertering cell's CRS



U.S. Patent May 30, 2017 Sheet 31 of 38 US 9,667,355 B2

FlG. 248

@I@ll@ﬂﬂl@ll

A Control
Region |- i

Su bframe

(O Serving cell's CRS
A Intertering cell's CRS



US 9,667,355 B2

Sheet 32 of 38

May 30, 2017

U.S. Patent

19p02ap
ONIN

(ld

J0JeWIISD [BuueyD

UIBWOp awi

J0JEWIIS3 [duuey)

J01eNUde
14

35I0U

L1d

S¢ Dl

144l

J0)RWINSS

)BUURYD S

144 Xd

0ld

reubis
DAAIIA



U.S. Patent May 30, 2017 Sheet 33 of 38 US 9,667,355 B2

FlG. 26

C100

5120

received
signal

I first - first channel first interference
FFT unit estimator

signal generator I
C110_2

I second ! second channel second interference interference
FFT unit estimator signal generator signal

remover

C110N
I Nth ! Nth channel Nth interference
FFT unit estimator signal generator




US 9,667,355 B2

Sheet 34 of 38

May 30, 2017

U.S. Patent

ISUUBYD BJe(] _u 1062} JO SY
SUUBLD |0JIUO) H 30UBJaAUI JO SY

[OGUIAS

Ebe

Il 1el}y

JaMOd

1amMod

VLC Dl3

OQUIAS

| 7

00000
0 0
58K,
b2 %%

3.10J9¢

19M0g



Buueyd eleq _u 196,23 JO SY @
[BUUBYD [0J)UOD H 32UBJBLBUI JO SY E

US 9,667,355 B2

OQWIAS

JOMO

Sheet 35 of 38

2}

JOMO(

May 30, 2017

Il 194V

d.¢ Dl

U.S. Patent

14

) ,90 00,
000 0
_w 0#0#0.

210)9¢

w._.
58
XX

000.1

00
0
0



US 9,667,355 B2

Sheet 36 of 38

May 30, 2017

U.S. Patent

[suUeyd eleq _u 19b.e} Jo SN Q
BUUBYD [0J)UOD H 92UIJAHAI JO SY E

[OQUIAS

J9MO

14

JAMO(

JI 194y

JLC Dl

210J09

J9MO

JAMO(



BuUBYD ele(] _u 106.8) JO SY @
BUUBLD [04JU0D H 30UBJaJAI JO SY E

US 9,667,355 B2

OQWIAS

Sheet 37 of 38

14

JOMO

May 30, 2017

JL 19}y

dLc¢ Dl

U.S. Patent

14

06 o
e %%%
ﬁooooooo
0000000

210)9¢

Jamog

19MO



U.S. Patent May 30, 2017 Sheet 38 of 38 US 9,667,355 B2

FlG. 28

100 200

Processor Processor




US 9,667,355 B2

1

METHOD AND USER EQUIPMENT FOR
REMOVING INTERFERENCE IN WIRELESS

COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

The disclosure of the present specification relates to a
method and User Equipment (UE) for removing interfer-
ence.

Related Art

A 3rd Generation Partnership Project (3GPP) Long Term
Evolution (LTE) that improves a Universal Mobile Tele-
communications System (UMTS) has been introduced to a

3GPP release 8. The 3GPP LTE uses an Orthogonal Fre-
quency Division Multiple Access (OFDMA) 1n a downlink
and a Single Carnier-Frequency Division Multiple Access
(SC-FDMA) 1 an uplink. The OFDM needs to know 1n
order to understand the OFDMA. The OFDM may be used
since an mter-symbol interference effect can be reduced due
to low complexity. The OFDM converts data to be mput in
serial mto N parallel data and transmits it by carrying N
orthogonal sub-carriers. The sub-carriers maintains orthogo-
nally 1n a frequency dimension. Meanwhile, the OFDMA
means a multiple access method to realize multiple accesses
by providing a part of the available sub-carrier to each user
independently, 1n a system using the OFDM 1n a modulation
scheme.

In recent years, there 1s an ongoing discussion on 3GPP
LTE-advanced (LTE-A) evolved from the 3GPP LTE.

Also, recently, a heterogeneous network 1n which a macro
cell and a small cell coexist are under discussion. In par-
ticular, discussions for bypassing traflic by distributing a
terminal connected to a macro cell to a small cell are in
pProgress.

Meanwhile, interference may further increase due to such
a small cell, and thus, interterence removal capability (or an
interference cancellation capability) 1s urgently required.

SUMMARY OF THE INVENTION

The present invention has been made to solve the above-
mentioned problems.

In detail, an embodiment of the present disclosure pro-
vides a method for eflectively canceling interference, and a
terminal.

To achieve the aforementioned purpose, a method for
removing interference by a UE 1n a wireless communication
terminal according to a disclosure of the present specifica-
tion may 1nclude receiving a signal from a serving cell;
obtaining Physical Broadcast CHannel (PBCH) information
by decoding PBCH, which 1s transmitted from a cell adja-
cent to the serving cell to cause mterference in the received
signal; estimating a channel for PBCH based on the obtained
PBCH information; generating an interference signal based
on the PBCH information and the estimated channel for
PBCH; and removing the generated interference signal from
the received signal.

The PBCH information may be obtained through channel
estimation based on a Cell specific Reference Signal (CRS).

Obtaiming PBCH information by decoding PBCH may
include estimating a channel value through a Least Square
(LS) estimator based on a CRS 1n the frequency domain;
removing noise from the channel value in the time domain;
performing time mterpolation on the noise-removed channel
value through a time estimator; and decoding PBCH based
on the time-interpolated channel value.
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The LS estimator may operate in a predetermined ire-
quency bandwidth and set a channel value corresponding to
the frequency domain of a reception Irequency bandwidth
out of the predetermined frequency bandwidth as a channel
value corresponding to the CRS location of both ends of the
predetermined frequency bandwidth.

The predetermined frequency bandwidth may be a fre-
quency bandwidth corresponding to 6 Resource Blocks
(RBs).

Estimating a channel for PBCH may include performing
channel estimation based on the signal and the PBCH
information; producing an average of the channel estimates
in a predetermined OFDM symbol section; and estimating a
channel for PBCH by performing frequency interpolation on
the produced average.

Estimating a channel may be performed through an LS
estimator when there 1s a receive antenna port and through
Space Frequency Block Coding (SFBC) decoding when
there are two or four receive antenna ports.

The method for removing interference may further
include generating an interference signal by at least one
PBCH and first removing the generated interference signal
from the recerved signal, when at least one neighbor cell
other than a cell adjacent to the serving cell exists and signal
strength of at least one PBCH transmitted by at least one
neighbor cell 1s greater than signal strength of PBCH
transmitted by the cell adjacent to the serving cell.

To achieve the above-mentioned purpose, a method for
removing interference by a UE 1n a wireless communication
system according to a disclosure of the present specification
may include receiving a signal from a serving cell; gener-
ating a first interference signal from the received signal
based on a first CRS, which 1s transmitted by a first neighbor
cell adjacent to the serving cell to cause interference 1n the
signal; removing the first interference signal from the signal;
generating a second interference signal from the signal, from
which the first iterference signal 1s removed, based on a
second CRS, which 1s transmitted by a second cell adjacent
to the serving cell to cause interference in the signal; and
removing the second interference signal from the signal
from which the first interference signal 1s removed.

Here, signal strength of the interference signal by the first
CRS may be greater than signal strength of the interference
signal by the second CRS.

The method for removing interference may include first
removing a component corresponding to a CRS transmitted
by the serving cell from the received signal when signal
strength of the CRS transmitted by the serving cell 1s greater
than signal strength of the interference signal by the first
CRS.

To achieve the aforementioned purpose, a method for
removing interference by a UE including an Interference
Rejection Combining (IRC) device in a wireless communi-
cation system according to a disclosure of the present
specification, may include receiving a signal from a serving
cell; generating an interference signal from the received
signal based on an interference CRS, which 1s transmitted by
a cell adjacent to the serving cell to cause interference 1n the
signal; and inputting the signal obtained by removing the
interference signal from the received signal to the IRC
device, when a CRS transmitted by the serving cell collides
with the interference CRS and the received signal includes
Almost Blank Subirames (ABSs).

The method for removing interference may further
include mputting a signal before removal of the interference
signal to the IRC device when a CRS transmitted by the
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serving cell collides with the interference CRS and the
received signal does not include ABSs.

Generating an 1nterference signal may include estimating,
a reception channel for the serving cell; and generating the
interference signal based on the estimated reception channel.

A path profile for estimating the reception channel may be
updated by Infinite Impulse Response (I1IR) {filtering only
when a CRS transmitted by the serving cell does not collide
with the interference CRS and the received signal does not
include ABSs.

The received signal may be divided into a first time
section including ABSs and a second time section not
including ABSs, and a complex IIR filter used to estimate
the reception channel may be 1nitialized only while a CRS
transmitted by the serving cell does not collide with the
interference CRS and during transition from one of the first
and second time sections to the other.

Generating an 1nterference signal may further include
estimating noise for the received signal and reducing 1t, and
a path profile for estimating the noise may be updated by IIR
filtering only when a CRS transmitted by the serving cell
collides with the interterence CRS and the received signal

includes ABSs.

A method for removing interference may further include
adjusting a gain of an analog terminal for maintaining power
of the received signal to a constant level, the gain of the
analog terminal being adjustable only 1n a time section
where the received signal does not include ABSs.

According to the disclosures of the present specification,
an interference signal for PBCH i1s generated on the basis of
PBCH information obtained by decoding PBCH transmuitted
from a cell adjacent to a serving cell, and PBCH interference
by the adjacent cell 1s efliciently removed by eliminating the
generated interference signal from the received signal, and
thus data demodulation performance may be increased.

According to the disclosures of the present specification,
complexity of channel estimation on an interference signal
may be reduced, and efliciency in implementation may be
increased by enabling channel estimation with relatively low
complexity even when the number of interference signals to
be estimated increases.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a wireless communication system.

FI1G. 2 1s a view 1llustrating an antenna configuration of a
multi-antenna system.

FI1G. 3 1s a view 1llustrating an example of a channel in the
multi-antenna system.

FIG. 4 1s a view 1illustrating a structure of a radio frame
according to FDD 1 a 3GPP LTE.

FIG. 5 1s a view 1llustrating a resource grid regarding a
single uplink or downlink slot 1n the 3GPP LTE.

FIG. 6 1s a view 1illustrating a structure of a downlink
subirame.

FIG. 7 1s a view illustrating a structure of an uplink
subirame 1n the 3GPP LTE.

FIG. 8 1s a view 1llustrating an example ol comparison
between an existing single carrier system and a carrier
aggregation system.

FIG. 9A 1s a view 1illustrating an example of an RS
structure supporting four antenna ports in a normal CP.

FIG. 9B 1s a view 1illustrating an example of an RS
structure supporting four antenna ports in an extended CP.

FIG. 10 1s a view illustrating a frame structure for a

physical broadcast channel (PBCH).
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FIG. 11 1s a view 1llustrating a heterogeneous network
including a macro cell and a small cell.

FIG. 12A 15 a view illustrating elCIC (enhanced Inter-Cell

Interference Coordination) for solving interference between
base stations.

FIG. 12B 1s a view 1illustrating an example of exchanging
ABS subirame-related information.

FIG. 13 1s a view 1illustrating a concept of expanding
coverage ol a small cell according to an embodiment of the
present disclosure.

FIG. 14 1s a block diagram 1illustrating a structure of a UE
according to an embodiment of the present disclosure.

FIGS. 15A and 15B are views illustrating a situation in
which a PBCH 1s infroduced from an interference cell.

FIGS. 16A through 16D are views illustrating an influ-
ence when a PBCH 1s introduced from an interference cell.

FIG. 17 illustrates an example of a structure of a general
PBCH receiver.

FIG. 18 1s a block diagram illustrating a structure of an
IRC device according to an embodiment of the present
ivention.

FIG. 19 1s a view 1llustrating a method for removing
interference according to an embodiment of the present
invention.

FIG. 20 1s a block diagram illustrating a process of
obtaining PBCH information through PBCH decoding
according to an embodiment of the present invention.

FIG. 21 1s a view 1illustrating a band edge compensation
technique in the LS channel estimation according to an
embodiment of the present invention.

FIG. 22 15 a block diagram 1llustrating a channel estima-
tion technique for PBCH Interference Cancellation (PBCH-
IC) according to an embodiment of the present invention.

FIG. 23 1s a view 1llustrating a channel estimation tech-
nique based on SFBC decoding according to an embodiment
of the present invention.

FIGS. 24q and 245 show an interference caused by a CRS
ol a neighboring cell.

FIG. 25 1s a block diagram illustrating a general LS
channel estimation process based on CRS.

FIG. 26 1s a block diagram 1illustrating an IRC device for
a CRS according to an embodiment of the present invention.

FIGS. 27a through 27d are views illustrating an example
of mput per operation of an IRC device according to an
embodiment of the present invention.

FIG. 28 1s a block diagram illustrating a wireless com-
munication system according to an embodiment of the
present invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The techmical terms used herein are used to merely
describe specific embodiments and should not be construed
as limiting the present invention. Further, the technical terms
used herein should be, unless defined otherwise, interpreted
as having meanings generally understood by those skilled 1n
the art but not too broadly or too narrowly. Further, the
technical terms used herein, which are determined not to
exactly represent the spirit of the invention, should be
replaced by or understood by such technical terms as being
able to be exactly understood by those skilled in the art.
Further, the general terms used herein should be interpreted
in the context as defined 1n the dictionary, but not 1n an
excessively narrowed manner.

The expression of the singular number 1n the specification
includes the meaning of the plural number unless the mean-
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ing of the singular number 1s definitely different from that of
the plural number in the context. In the following descrip-
tion, the term ‘include’ or ‘have’ may represent the existence
ol a feature, a number, a step, an operation, a component, a
part or the combination thereotf described in the specifica-
tion, and may not exclude the existence or addition of
another feature, another number, another step, another
operation, another component, another part or the combina-
tion thereof.

The terms ‘first” and ‘second’ are used for the purpose of
explanation about various components, and the components
are not limited to the terms ‘first” and ‘second’. The terms
‘first’ and ‘second’ are only used to distinguish one compo-
nent from another component. For example, a first compo-
nent may be named as a second component without devi-
ating from the scope of the present invention.

It will be understood that when an element or layer 1s
referred to as being “connected t0” or “coupled to” another
clement or layer, 1t can be directly connected or coupled to
the other element or layer or intervening elements or layers
may be present. In contrast, when an element 1s referred to
as being “directly connected to” or “directly coupled to”
another element or layer, there are no intervening elements
or layers present.

Hereinafter, exemplary embodiments of the present
invention will be described 1n greater detail with reference
to the accompanying drawings. In describing the present
invention, for ease of understanding, the same reference
numerals are used to denote the same components through-
out the drawings, and repetitive description on the same
components will be omitted. Detailed description on well-
known arts which are determined to make the gist of the
invention unclear will be omitted. The accompanying draw-
ings are provided to merely make the spirit of the mnvention
readily understood, but not should be intended to be limiting,
of the invention. It should be understood that the spirit of the
invention may be expanded to i1ts modifications, replace-
ments or equivalents in addition to what 1s shown in the
drawings.

As used herein, ‘wireless device’ may be stationary or
mobile, and may be denoted by other terms such as terminal,
Mobile Terminal (MT), User Equipment (UE), Mobile
Equipment (ME), Mobile Station (MS), User Terminal (UT),
Subscriber Station (SS), handheld device, or Access Termi-
nal (AT).

As used herein, ‘base station’ generally refers to a fixed
station that communicates with a wireless device and may be
denoted by other terms such as evolved-NodeB (eNB), Base
Transceiver System (BTS), or access point.

Hereinafter, applications of the present invention based on
3rd Generation Partnership Project (3GPP) Long Term Evo-
lution (LTE) or 3GPP LTE-A (advanced) are described.
However, this 1s merely an example, and the present inven-
tion may apply to various wireless communication systems.
Hereinafter, LTE includes L'TE and/or LTE-A.

FIG. 1 shows a wireless communication system.

The wireless communication system 10 includes at least
one base station (BS) 20. Respective BSs 20 provide a
communication service to particular geographical areas 20aq,
200, and 20c¢ (which are generally called cells). Each cell
may be divided into a plurality of areas (which are called
sectors). A User Equipment (UE) 10 may be fixed or mobile
and may be referred to by other names such as Mobile
Station (MS), Mobile Terminal (MT), User Equipment (UE),
Subscriber Station (SS), wireless device, Personal Digital
Assistant (PDA), wireless modem, handheld device. The BS
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with the UE 10 and may be called by other names such as
evolved-NodeB (eNB), Base Transceiver System (BTS),

Access Point (AP), etc.

The UE generally belongs to one cell and the cell to which
the UE belong 1s referred to as a serving cell. A base station
that provides the communication service to the serving cell
1s referred to as a serving BS. Since the wireless commu-
nication system 1s a cellular system, another cell that neigh-
bors to the serving cell 1s present. Another cell which
neighbors to the serving cell 1s referred to a neighbor cell. A
base station that provides the communication service to the
neighbor cell 1s referred to as a neighbor BS. The serving
cell and the neighbor cell are relatively decided based on the
UE.

Hereinafter, a downlink means communication from the
base station 20 to the terminal 10 and an uplink means
communication from the terminal 10 to the base station 20.
In the downlink, a transmitter may be a part of the base
station 20 and a receiver may be a part of the terminal 10.
In the uplink, the transmitter may be a part of the terminal
10 and the receiver may be a part of the base station 20.

Meanwhile, the wireless communication system may be
any one of a Multiple-Input Multiple-Output (MIMO) sys-
tem, a Multiple-Input Single-Output (MISO) system, a
Single-Input Single-Output (SISO) system, and a Single-
Input Multiple-Output (SIMO) system. The MIMO system
uses a plurality of transmit antennas and a plurality of
receive antennas. The MISO system uses a plurality of
transmit antennas and one receive antenna. The SISO system
uses one transmit antenna and one receive antenna. The
SIMO system uses one transmit antenna and one receive
antenna. Hereinafter, the transmit antenna means a physical
or logical antenna used to transmit one signal or stream and
the receive antenna means a physical or logical antenna used
to receive one signal or stream.

FIG. 2 illustrates a general multiple antenna system.

As shown i FIG. 2, when increasing the number of
transmission antenna to N, and increasing the number of
reception antenna to N, at the same time, a transmission rate
can be increased and a frequency efliciency can be dramati-
cally increased because a theoretical channel transmission
capacity 1s increased in proportion to the number of antenna,
unlike the case of using multiple antennas only in either one
ol transmitter or receiver.

The transmission rate due to the increase of channel
transmission capacity may be theoretically increased by
multiple of a maximum transmission rate R_ 1n case of using
an antenna and a rate increase R, as shown below.

R=min(N N Equation 1
i YR q

Transmission information may include a maximum of N.-
number of different information items when the number of
transmit antennas 1s N..

_ T
S=[5,89 . .., SNl

[Equation 2]

In Equation 2, s denotes transmission information vector,
and s;, S,, . . . , Sx denotes information 1tems as elements
of the transmission information vector. Each of the infor-
mation items may be transmitted with different transmission
power. When each transmission power 1s denoted as (P,
P,, ..., Py, the transmission information vector to which

transmission power 1s applied may be expressed as Equation
3 below.

[Equation 3]

Equation 3 may be expressed as the product of a trans-
mission power diagonal matrix and the transmission infor-
mation vector, as expressed by Equation 4.
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|Equation 4]

= Ps

L
I

A weight matrix 1s multiplied to the transmission infor-
mation vector with transmission power applied thereto to
generate transmission signals (X, X,, . . . , Xa) transmitted
through the actual N -number of transmission antennas. The
welght matrix W serves to appropriately distribute transmis-
sion 1nformation to individual antennas according to a
transmission channel situation. When a transmission signal
vector 1s X, X may be expressed as Equation 5 below.

X Wil W2 wing || S1 [Equation 5]
X2 Wi Wp2 Wanr 52
X = = —
X; Wi Wiz WiN o
AN I [ Whpl Whp2 WrrNr || Sn;

Ws = WPs

In Equation 5, an element w,; (1=1=N,, 1<j=N,) of the
weight matrix denotes a weight value for i”” transmission
antenna and j” transmission information. The weight matrix
W 1s also called a precoding matrix.

The transmission signal vector may include different
transmission mnformation according to a transmission tech-
nique. For example, when space diversity, 1.e., transmission
diversity, 1s applied, all of transmission information of
transmission signal vectors may be the same. That 1s, [s,,
S,, . . . S -] may be the same information, for example, [s,,
S, . . ., 8;]. Thus, since the same transmission information
1s transmitted to a receiver through different channels, a
diversity eflect 1s obtained and reliability of transmission
1ncreases.

Or, when space multiplexing 1s applied, all of transmis-
sion information of transmission signal vectors may be
different. That 1s, s, s,, . . . , s, » may be diflerent informa-
tion. Since different transmission information is transmitted
to a receiver through different channels, an amount of
transmittable information may increase.

Also, transmission mformation may be transmitted using
both space diversity and space multiplexing. That 1s, 1n the
foregoing example, the same information may be transmit-
ted through three transmission antennas by space diversity,
while different information may be transmitted through the
other remaining transmission antennas by space multiplex-
ing. In this case, the transmission information vector may be
configured as [s,, S;, S;, S5, S5 . . . , S, -], Tor example.

When a receiver has N, number of reception antennas,
signals received by the individual reception antennas may be
expressed as y (1=n<N,). Here, the reception signal vector

y may be expressed as Equation 6 below.

y=uye - yaRlt [Equation 6]

When channel remodeling i1s performed mn a MIMO
system, channels may be discriminated by an index of a
transmission antenna and an index of a reception antenna.
When the index of the transmission antenna 1s j and the
index of the reception antenna 1s 1, a channel between the
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transmission antenna and the reception antenna may be
expressed as h,; (An attention should be paid to the tact that
the index of the reception antenna 1s first expressed and the
index of the transmission antenna 1s expressed later 1n the
subscript expressing the channel).

FIG. 3 1s a view 1illustrating a channel 1n a multi-antenna
system.

Referring to FIG. 3, channels with respect to N.. number
of transmission antennas and a reception antenna I are
expressed as h,,, h,, ..., h. respectively. For the sake of
convenience, these channels may be expressed as a matrix or
a vector. The channels may be expressed in the form of
vector 1n Equation 7 below.

[Equation 7]

When a matrix form of all the channels from N, number
of transmission antennas to N, number of reception anten-
nas 1s a channel matrix H, the channel matrix H may be
expressed as Equation 8 below.

_ h{ 1 hiy  hys thT 1 |Equation 8]
s Moy Iy hony
H = =
h My hi Ring
_ hER _ _hNRl hNRZ hNRNT |

Signals transmitted through the transmission antennas
may be received by the reception antennas through the
channels expressed 1n Equation 8. Here, noise 1s added 1n the
actual channels. Such noise may be considered as Additive
White Gaussian Noise (AWGN) mathematically. When
AWGN added to the reception antennas 1s expressed as n,,
n,, ..., Nye, the AWGN may be expressed as a vector of
Equation 9 below for the sake of convenience.

[Equation 9]

In consideration of the foregoing AWGN, the transmis-
sion signal vector x, and the channel matrix, a reception
signal vector y recerved by the reception antennas may be
expressed as Equation 10 below.

oy 1 [ A A2 vy I x n [Equation 10]
¥2 ot Az Mong || X2 1,
y — — + —
Vi mp hi Aing || % n;
INR | [ By Ang2 Anpny |LANT INg
Hx+n

In the channel matrix H, the number of rows and the
number of columns are determined depending on the num-
ber of transmission antennas and the number of reception
antennas. In the channel matrix H, the number of columns 1s
equal to the number of transmission antennas. Thus, the
channel matrix H may be expressed as an N,xN . matrix.

In general, a rank of a matrix 1s defined by a smaller one
among the number of independent rows and the number of
independent columns. Thus, the rank of the matrix cannot be
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greater than the number of columns or the number of rows,
and the rank of the channel matrix H may be determined as
Equation 11 below.

rank(H)=smin(N ,Ny) [Equation 11]

Meanwhile, a wireless communication system may be
divided 1nto a Frequency Division Duplex (FDD) method
and a Time Division Duplex (ITDD) method. Based on the
FDD method, an uplink transmaission and a downlink trans-
mission are progressed in different frequency bands. Based
on the TDD method, the uplink transmission and the down-
link transmission are performed 1n the same frequency band
at different times. A channel response of a TDD method 1s
actually reciprocal. This means the downlink channel
response and the uplink channel response are almost same 1n
the current frequency domain. Therefore, there 1s an advan-
tage 1n that the downlink channel response in the wireless
communication system based on the TDD may be obtained
from the uplink channel response. In the TDD method, as the
whole frequency domain 1s divided into an uplink transmis-
sion and a downlink transmission by time-share, 1t 1s not
available to perform the downlink transmission by a termi-
nal and the uplink transmission by a UE at the same time. In
the TDD system 1n which an uplink transmission and a
downlink transmission are divided by a subiframe unit, the
uplink transmission and the downlink transmission are per-
formed 1n different subirames.

Hereinatter, the LTE system 1s described 1n further detail.

FI1G. 4 illustrates the architecture of a radio frame accord-
ing to FDD in 3GPP LTE.

Referring to FIG. 4, the radio frame 1s composed of ten
subirames, and one subirame 1s composed of two slots. The
slots 1n the radio frame are designated by slot numbers from
0 to 19. The time at which one subirame 1s transmitted 1s
referred to as a Transmission Time Interval (TT1). The TTI
may be called as a scheduling unit for data transmission. For
example, the length of one radio frame may be 10 ms, the
length of one subirame may be 1 ms, and the length of one
slot may be 0.5 ms.

The structure of the radio frame 1s merely an example, and
the number of subiframes included in the radio frame, the
number of slots included in the subirame, etc. may be
variously modified.

FI1G. 5 1llustrates an example resource grid for one uplink
or downlink slot 1n 3GPP LTE.

Referring to FI1G. 5, the uplink slot includes a plurality of
Orthogonal Frequency Division Multiplexing (OFDM) sym-
bols 1n the time domain and NUL Resource Blocks (RBs) in
the frequency domain. OFDM symbol 1s to represent one
symbol period, and depending on system, may also be
denoted SC-FDMA symbol, OFDM symbol, or symbol
period. The resource block 1s a unit of resource allocation
and includes a plurality of sub-carriers in the frequency
domain. The number of resource blocks included in the
uplink slot, 1.e., NUL, 1s dependent upon an uplink trans-
mission bandwidth set 1n a cell. Each element on the
resource grid 1s denoted resource element.

Here, by way of example, one resource block includes
7x12 resource elements that consist of seven OFDM sym-
bols in the time domain and 12 sub-carriers in the frequency
domain. However, the number of sub-carriers 1n the resource
block and the number of OFDM symbols are not limited
thereto. The number of OFDM symbols 1n the resource
block or the number of sub-carriers may be changed vari-
ously. In other words, the number of OFDM symbols may be
varied depending on the above-described length of CP. In
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particular, 3GPP LTE defines one slot as having seven
OFDM symbols 1n the case of CP and six OFDM symbols
in the case of extended CP.

In 3GPP LTE, the resource grid for one uplink slot shown
in FIG. 4 may also apply to the resource grid for the
downlink slot.

FIG. 6 1illustrates the architecture of a downlink sub-
frame.

For this, 3GPP TS 36.211 V10.4.0 (2011-12) “Evolved
Universal Terrestrial Radio Access (E-UTRA); Physical
Channels and Modulation (Release 10)”, Ch. 4 may be
referenced.

The radio frame includes 10 sub-frames indexed O to 9.
One sub-frame includes two consecutive slots. Accordingly,
the radio frame includes 20 slots. The time taken for one
sub-frame to be transmitted 1s denoted Transmission Time
Interval (TTI). For example, the length of one sub-frame
may be 1 ms, and the length of one slot may be 0.5 ms.

One slot may 1nclude a plurality of orthogonal frequency
division multiplexing (OFDM) symbols 1n the time domain.
OFDM symbol 1s merely to represent one symbol period 1n
the time domain since 3GPP LTE adopts Orthogonal Fre-
quency Division Multiple Access (OFDMA) for DownlLink
(DL), and the multiple access scheme or name 1s not limited
thereto. For example, the OFDM symbol may be referred to
as single carrier-frequency division multiple access (SC-
FDMA) symbol or symbol period.

Here, one slot includes seven OFDM symbols, by way of
example. However, the number of OFDM symbols included
in one slot may vary depending on the length of cyclic prefix
(CP). That 1s, as described above, according to 3GPP TS
36.211 V10.4.0, one slot includes seven OFDM symbols 1n
the normal CP and six OFDM symbols 1n the extended CP.

Resource Block (RB) 1s a unit for resource allocation and
includes a plurality of sub-carriers in one slot. For example,
i one slot includes seven OFDM symbols 1n the time
domain and the resource block includes 12 sub-carriers 1n
the frequency domain, one resource block may include 7x12
Resource Flements (REs).

The DownLink (DL) sub-frame 1s split into a control
region and a data region in the time domain. The control
region includes up to first three OFDM symbols 1n the first
slot of the sub-frame. However, the number of OFDM
symbols included in the control region may be changed. A
Physical Downlink Control CHannel (PDCCH) and other
control channels are assigned to the control region, and a
PDSCH 1s assigned to the data region.

As set forth in 3GPP TS 36.211 V10.4.0, the physical
channels 1n 3GPP LTE may be classified into data channels
such as Physical Downlink Shared CHannel (PDSCH) and
Physical Uplink Shared CHannel (PUSCH) and control
channels such as Physical Downlink Control CHannel (PD-
CCH), Physical Control Format Indicator CHannel (PC-
FICH), Physical Hybrid-ARQ Indicator CHannel (PHICH)
and Physical Uplink Control CHannel (PUCCH).

The PCFICH transmitted 1n the first OFDM symbol of the
sub-frame carries Control Format Indicator (CIF) regarding
the number (1.e., size of the control region) of OFDM
symbols used for transmission of control channels 1n the

sub-frame. The wireless device first receives the CIF on the
PCFICH and then monitors the PDCCH.

Unlike the PDCCH, the PCFICH 1s transmuitted through a
fixed PCFICH resource 1n the sub-frame without using blind

decoding.

The PHICH carries a positive-acknowledgement (ACK)/
negative-acknowledgement (NACK) signal for a UL Hybnd
Automatic Repeat Request (HARQ). The ACK/NACK sig-
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nal for UpLink (UL) data on the PUSCH transmitted by the
wireless device 1s sent on the PHICH.

The Physical Broadcast CHannel (PBCH) 1s transmitted
in the first four OFDM symbols 1n the second slot of the first
sub-frame of the radio frame. The PBCH carries system
information necessary for the wireless device to communi-
cate with the base station, and the system information
transmitted through the PBCH 1s denoted Master Informa-
tion Block (MIB). In comparison, system information trans-
mitted on the PDSCH indicated by the PDCCH 1s denoted
system 1nformation block (SIB).

The control information transmaitted through the PDCCH
1s denoted Downlink Control Information (DCI). The DCI
may include resource allocation of PDSCH (this 1s also
referred to as DownlLink (DL) grant), resource allocation of
PUSCH (this 1s also referred to as UpLink (UL) grant), a set
of transmission power control commands for individual UEs

in some UE group, and/or activation of Voice over Internet
Protocol (VoIP).

In 3GPP LTE, blind decoding 1s used for detecting a
PDCCH. The blind decoding 1s a scheme of i1dentifying
whether a PDCCH 1s 1ts own control channel by demasking,
a desired 1dentifier to the Cyclic Redundancy Check (CRC)
of a recetved PDCCH (this 1s referred to as candidate
PDCCH) and checking a CRC error. The base station
determines a PDCCH format according to the DCI to be sent
to the wireless device, then adds a CRC to the DCI, and
masks a unmique identifier (this 1s referred to as Radio
Network Temporary Identifier (RNTT) to the CRC depend-
ing on the owner or purpose of the PDCCH.

According to 3GPP TS 36.211 V10.4.0, the uplink chan-
nels include a PUSCH, a PUCCH, a Sounding Reference
Signal (SRS), and a Physical Random Access CHannel
(PRACH).

FI1G. 7 illustrates the architecture of an uplink sub-frame
in 3GPP LTE.

Referring to FIG. 7, the uplink sub-frame may be sepa-
rated into a control region and a data region 1n the frequency
domain. The control region 1s assigned a Physical Uplink
Control CHannel (PUCCH) for transmission of uplink con-
trol information. The data region 1s assigned a PUSCH
(physical uplink shared channel) for transmission of data (in
some cases, control mformation may also be transmitted).

The PUCCH for one terminal 1s assigned in Resource
Block (RB) pair 1n the sub-frame. The resource blocks 1n the
resource block pair take up different sub-carriers 1n each of
the first and second slots. The frequency occupied by the
resource blocks in the resource block pair assigned to the
PUCCH 1s varied with respect to a slot boundary. This 1s
referred to as the RB pair assigned to the PUCCH having
been frequency-hopped at the slot boundary. The terminal
may obtain a frequency diversity gain by transmitting uplink
control information through different sub-carriers over time.

FIGS. 8a and 85b 1illustrate an example of comparison
between a single carrier system and a carrier aggregation
system.

Referring to FIG. 8a, a typical FDD wireless communi-
cation system supports one carrier for uplink and downlink.
In this case, the carrier may have various bandwidths, but
only one carrier 1s assigned to the user equipment.

In other words, 1n the typical FDD wireless communica-
tion system, data transmission and reception 1s carried out
through one downlink band and one uplink band corre-
sponding thereto. The bit stream and the user equipment
transmit and receive control information and/or data sched-
uled for each sub-frame. The data 1s transmitted/recerved
through the data region configured in the uplink/downlink
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sub-frame, and the control information 1s transmitted/re-
ceived through the control region configured 1n the uplink/
downlink sub-frame. For this, the uplink/downlink sub-
frame carries signals through various physical channels.
Although the description 1n connection with FIG. 7 primar-
1ly focuses on the FDD scheme for ease of description, the
foregoing may be applicable to the TDD scheme by sepa-
rating the radio frame for uplink/downlink 1n the time
domain.

As shown i FIG. 8a, data transmission/reception per-
formed through one downlink band and one uplink band
corresponding to the downlink band 1s referred to as a single
carrier system.

Such single carrier system may correspond to an example
of communication 1 the LTE system. Such 3GPP LTE
system may have an uplink bandwidth and a downlink
bandwidth that differ from each other, but supports up to 20
MHz.

Meanwhile, a high data transmission rate 1s demanded.
The most fundamental and stable solution to this 1s to
increase bandwidth.

However, the frequency resources are presently saturated,
and various technologies are partially being in use 1n a wide
range of frequency band. For such reason, as a method for
securing a broad bandwidth to satisiy the demand for higher
data transmission rate, each scattered band may be designed
to meet basic requirements for being able to operate an
independent system, and Carrier Aggregation (CA) whose
concept 1s to bundle up multiple bands to a single system has
been 1ntroduced.

That 1s, the Carrier Aggregation (CA) system means a
system that constitutes a broadband by gathering one or
more carriers each of which has a bandwidth narrower than
the targeted broadband when supporting a broadband 1n the
wireless communication system.

Such Carrier Aggregation (CA) technology 1s also
adopted 1n the LTE-advanced (heremnafter, ‘LTE-A’). The
Carrier Aggregation (CA) system may also be referred to as
a multiple-carrier system or bandwidth aggregation system.

In the Carnier Aggregation (CA) system, a user equipment
may simultaneously transmit or receive one or more carriers
depending on 1ts capabilities. That 1s, 1n the Carrier Aggre-
gation (CA) system, a plurality of Component Carriers
(CCs) may be assigned to a user equipment. As used herein,
the term “component carrier” refers to a carrier used 1n a
carrier aggregation system and may be abbreviated to a
carrier. Further, the term “component carrier” may mean a
frequency block for carrier aggregation or a center Ire-
quency of a frequency block 1n the context and they may be
interchangeably used.

FIG. 856 may correspond to a communication example 1in
an L1E-A system.

Referring to FIG. 8b, 1n case, e.g., three 20 MHz com-
ponent carriers are assigned to each of uplink and downlink,
the user equipment may be supported with a 60 MHz
bandwidth. Or, for example, 1f five CCs are assigned as
granularity of the unit of carrier having a 20 MHz band-
width, up to 100 MHz may be supported. FIG. 85 illustrates
an example 1n which the bandwidth of an uplink component
carrier 1s the same as the bandwidth of a downlink compo-
nent carrier for ease of description. However, the bandwidth
of each component carrier may be determined indepen-
dently. When aggregating one or more component carriers,
a targeted component carrier may utilize the bandwidth used
in the existing system for backward compatibility with the
existing system. For example, in a 3GPP LTE system,

bandwidths of 1.4 MHz, 3 MHz, 5 MHz, 1 MHz, 10 MHz,
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15 MHz and 20 MHz may be supported. Accordingly, the
bandwidth of an uplink component carrier may be consti-

tuted like 5 MHz(UL CC0)+20 MHz(UL CC1)+20 MHz(UL
CC2)+20 MHz(UL CC3)+5 MHz(UL CC4), for example.
However, without consideration of backward compatibility,
a new bandwidth may be defined rather the existing system
bandwidth being used, to constitute a broadband.

FIG. 8b 1llustrates an example in which the number of
uplink component carriers 1s symmetric with the number of
downlink component carriers for ease of description. As
such, when the number of uplink component carriers 1s the
same as the number of downlink component carriers 1s
denoted symmetric aggregation, and when the number of
uplink component carriers 1s diflerent from the number of
downlink component carriers 1s denoted asymmetric aggre-
gation.

The asymmetric carrier aggregation may occur due to a
restriction on available frequency bands or may be artifi-
cially created by a network configuration. As an example,
even when the enftire system band comprises N CCs, the
frequency band where a particular user equipment may
perform reception may be limited to M (<N) CCs. Various
parameters for carrier aggregation may be configured cell-
specifically, UE group-specifically, or UE-specifically.

Meanwhile, carrier aggregation systems may be classified
into contiguous carrier aggregation systems where each
carrier 1s contiguous with another and non-contiguous car-
rier aggregation systems where each carrier 1s spaced apart
from another. A guard band may be present between the
carriers 1n the contiguous carrier aggregation system. Here-
iafter, simply referring to a multi-carrier system or carrier
aggregation system should be understood as including both
when component carriers are contiguous and when compo-
nent carriers are non-contiguous.

Meanwhile, the concept of cell as conventionally appre-
ciated 1s varied by the carrier aggregation technology. In
other words, according to the carrier aggregation technol-
ogy, the term “cell” may mean a pair of a downlink fre-
quency resource and an uplink frequency resource. Or, the
cell may mean a combination of one downlink frequency
resource and an optional uplink frequency resource.

In other words, according to the carner aggregation
technology, one DL CC or a pair of UL CC and DL CC may
correspond to one cell. Or, one cell basically includes one
DL CC and optionally includes a UL CC. Accordingly, a
user equipment communicating with a bit stream through a
plurality of DL CCs may be said to receive services from a
plurality of serving cells. In this case, although downlink 1s
constituted of a plurality of DL CCs, uplink may be used by
only one CC. In such case, the user equipment may be said
to receive services from a plurality of serving cells for
downlink and to recerve a service from only one serving cell
for uplink.

Meanwhile, 1n order for packet data to be transmitted/
received through a cell, configuration for a particular cell
should be completed. Here, the term “configuration” means
the state where system 1information necessary for data trans-
mission/reception on a corresponding cell 1s completely
received. For example, the configuration may include the
overall process of receiving common physical layer param-
cters necessary lor data transmission/reception, Media
Access Control (MAC) layer parameters, or parameters
necessary for a particular operation in RRC layer. The
configuration-completed cell 1s 1n the state where packet
transmission/reception 1s possible simply when information
indicating that packet data may be transmitted 1s received.

10

15

20

25

30

35

40

45

50

55

60

65

14

The configuration-completed cell may be lett in activation
or deactivation state. Here, the term “‘activation” refers to
data transmission or reception being performed or being
ready. The UE may monitor or receive a control channel
(PDCCH) or data channel (PDSCH) of an activated cell 1n
order to 1dentily resources (which may be frequency or time)
assigned thereto.

Transmission or reception with a deactivated cell 1s
impossible, while measurement or transmission/reception of
least information 1s possible. The user equipment may
receive System Information (SI) necessary for receiving
packets from a deactivated cell. In contrast, the user equip-
ment does not monitor or receive the control channel (PD-
CCH) and data channel (PDSCH) of deactivated cells to
identify resources (which may be frequency or time)
assigned thereto.

In accordance with carrier aggregation technology, thus,
activation/deactivation of a component carrier may be the
same 1n concept as activation/deactivation of a serving cell.
For example, assuming that serving cell 1 comprises DL
CC1, activation of serving cell 1 means activation of DL
CCl1. Assuming that serving cell 2 1s configured so that DL
CC2 1s connected with UL CC2, activation of serving cell 2
means activation of DL CC2 and UL CC2. In that regard,
cach component carrier may correspond to a serving cell.

On the other hand, a change in the concept of serving cell
as conventionally understood by the carrier aggregation
technology leads to primary cells and secondary cells being
separated from each other.

The primary cell refers to a cell operating 1n a primary
frequency and means a cell where the user equipment
performs an 1mtial connection establishment procedure or
connection re-establishment procedure with a bit stream or
a cell designated so during the course of handover.

The secondary cell means a cell operating 1n a secondary
frequency, and 1s configured once an RRC connection 1is
established and 1s used to provide additional radio resources.

The Primary Component Carrier (PCC) means a Compo-
nent Carrier (CC) corresponding to the primary cell. The
PCC means a CC where the user equipment initially
achieves connection (or RRC connection) with the base
station among various CCs. The PCC 1s a special CC that 1s
in charge of connection (or RRC connection) for signaling
regarding multiple CCs and that manages UE context that 1s
connection information relating to the UE. Further, the PCC,
in case the PCC achieves connection with the UE so that 1t
1s 1n RRC connected mode, always remains in activated
state. The downlink component carrier corresponding to the
primary cell 1s referred to as a DownLink Primary Compo-
nent Carrier (DL PCC), and the uplink component carrier
corresponding to the primary cell 1s referred to as an UpLink
Primary Component Carrier (UL PCC).

The Secondary Component Carrier (SCC) means a CC
corresponding to the secondary cell. That 1s, the SCC1sa CC
assigned to the user equipment, which 1s not the PCC, and
the SCC 1s an extended carrier for the user equipment to
assign additional resources other than the PCC. The SCC
may stay 1n activated state or deactivated state. The down-
link component carrier corresponding to the secondary cell
1s referred to as a DownlLink Secondary Component Carrier
(DL SCC), and the uplink component carrier corresponding,
to the secondary cell 1s referred to as an UpLink Secondary
Component carrier (UL SCC).

The primary cell and the secondary cell have the follow-
ing features.

First, the primary cell 1s used for transmission of a
PUCCH. Second, the primary cell always remain activated
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while the secondary cell switches between activation/deac-
tivation depending on particular conditions. Third, when the
primary cell experiences Radio Link Failure (hereinafter,
“RLF”), the RRC reconnection 1s triggered. Fourth, the
primary cell may be varied by a handover procedure that
comes together with security key changing or a Random
Access CHannel (RACH) procedure. Fifth, Non-Access
Stratum (NAS) mformation 1s received through the primary
cell. Sixth, 1n the case of an FDD system, the primary cell
1s constituted of a pair of DL PCC and UL PCC. Seventh, a
different component carrier may be set as the primary cell
for each user equipment. Fighth, primary cells may be
exchanged only by a handover, cell selection/cell reselection
process. In adding a new secondary cell, RRC signaling may
be used to transmit system information of the dedicated
secondary cell.

As described above, the carrier aggregation system may
support a plurality of Component Carriers (CCs), 1.€., a
plurality of serving cells, unlike the single carrier system.

Such carrier aggregation system may support cross-car-
rier scheduling. The cross-carrier scheduling 1s a scheduling,
method that allows for resource allocation of a PDSCH
transmitted through other component carrier through a
PDCCH transmaitted through a particular component carrier
and/or resource allocation of a PUSCH transmitted through
other component carrier than the component carrier basi-

cally linked with the particular component carrier. That 1s, a
PDCCH and a PDSCH may be transmitted through different

downlink CCs, and a PUSCH may be transmitted through an
uplink CC other than an uplink CC linked with a downlink
CC through which a PDCCH including a UL grant 1s
transmitted. As such, the cross-carrier scheduling-supportive
system requires a carrier indicator indicating a DL CC/UL
CC through which a PDSCH/PUSCH through which a
PDCCH provides control information 1s transmitted. The
field containing such carrier indicator 1s hereinafter referred
to as a Carrier Indication Field (CIF).

The carrier aggregation system supportive of cross-carrier
scheduling may include a Carrier Indication Field (CIF) 1n
the conventional Downlink Control Information (DCI) for-
mat. A cross-carrier scheduling-supportive system, e.g., an
LTE-A system, adds a CIF to the existing DCI format (i.e.,
DCI format used 1n LTE), so that 1t may be extended with
three bits, and it may reuse the existing coding scheme,
resource allocation scheme (i.e., CCE-based resource map-
ping) for the PDCCH structure.

Hereinafter, a reference signal will be described.

In general, transmission information, for example, data, 1s
casily distorted or changed while being transmitted through
a wireless channel. Thus, 1n order to demodulate such
transmission information without an error, a reference signal
1s required. The reference signal, a signal known 1n advance
between a transmitter and a recerver, 1s transmitted together
with the transmission information. The transmission infor-
mation transmitted from the transmitter undergoes a channel
corresponding to each transmission antennas or each layer,
and thus, the reference signal may be allocated for each
transmission antenna or each layer. The reference signal for
cach transmission antenna or each layer may be discrimi-
nated by using resource such as a time, a frequency, or a
code. The reference signal may be used for two purposes,
that 1s, demodulation of transmission information and chan-
nel estimation.

Reference signals may be divided into two types of
reference signals depending on a range of a receiver which
already knows about the reference signals. A first type of
reference signal 1s a reference signal that only a specific
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receiver (for example, a specific terminal) knows, and such
a reference signal 1s called a Dedicated Reference Signal
(DRS). In this context, the DRS 1s also called a UE-specific
RS. A second type of reference signal 1s a reference signal
that every receiver, for example, every UE, knows, and such
a reference signal 1s called a Common Reference Signal

(CRS). The CRS 1s also called a cell-specific RS.

Reference signals may also be classified according to
purposes. For example, a reference signal used for demodu-
lating data 1s called a DeModulation Reference Signal
(DM-RS). A reference signal used for feedback information
indicating a channel state such as CQI/PMI/RI 1s called a
Channel State Indicator-Retference Signal (CSI-RS). The

foregoing DRS may be used as a DM-RS. Hereinafter, 1t 1s
assumed that the DM-RS 1s a DRS.

FIG. 9A 1s a view 1illustrating an example of an RS
structure capable of supporting four antenna ports in a
normal CP. FIG. 9B 1s a view 1llustrating an example of an

RS structure capable of supporting four antenna ports i an
extended CP.

The RS structures of FIGS. 9A and 9B are those used 1n
the related art 3GPP LTE system.

In FIGS. 9A and 9B, resource elements 1n which any one
of numbers from O to 3 are expressed indicate resource
clements 1n which a cell-specific reference signal, 1.e., a
CRS, 1s transmitted. Here, any one of the numbers from O to
3 indicate a supported antenna port. That 1s, resource ele-
ments indicated by p (p 1s any one of O to 3) refer to resource
clements to which a CRS with respect to an antenna port p
1s mapped. Such a CRS 1s used to perform channel mea-
surement and data demodulation with respect to each
antenna port. The CRS 1s transmitted 1n both a control region
and a data region of a subirame.

In FIGS. 9A and 9B, resource elements indicated by ‘D’
denote resource elements to which a UE-specific reference
signal, 1.e., a DRS, 1s mapped. The UE-specific RS may be
used for transmission of a single antenna port of a PDSCH.
A UE 1s mstructed as to whether a UE-specific RS 1s
transmitted through a higher layer signal, or as to whether a
UE-specific RS 1s valid when a PDSCH 1s transmitted. The
UE-specific RS may be transmitted only when data demodu-
lation 1s required. The UE-specific RS may be transmitted
only 1n a data region of a subirame.

FIG. 10 1s a view illustrating a frame structure for a
Physical Broadcast Channel (PBCH).

As 1llustrated, a radio frame, subiframe, and symbol num-
bers start from 0. A PBCH 1is transmitted in every radio
frame, that 1s, 1n every 10 ms.

Also, as 1illustrated, the PBCH 1s transmitted on #0
subframe of each radio frame. In detail, the PBCH 1s
transmitted on O, 1, 2, and 3 symbols of the second slot.

The PBCH 1s used for each BS to transmit Master
Information Block (MIB) most important for an operation of
a system, and such MIB information is retransmitted at
every period of 10 ms with a very low coding rate four times
such that all the terminals connected to the corresponding
cell reliably receive the information, thus allowing for
reception of the MIB information even in a considerably
poor channel environment.

Meanwhile, MIB information having a total of 24 bits 1s

defined 1n TS36.331 of the current LTE standard as follows.




US 9,667,355 B2

TABLE 1

-- ASN1START
MasterInformationBlock ::=  SEQUENCE {

dl-Bandwidth ENUMERATED {

no6t, nlsd, n25, ndo,

n75, n100},

phich-Config PHICH-Config,

systemFrameNumber BIT STRING (SIZE (8)),

spare BIT STRING (SIZE (10))
h
-- ASN1STOP

As for the MIB information, when transmitted each time,

in general, the same determined data 1s transmitted in each
cell, excluding a systemFrameNumber field, and when a
System Information Block (SIB) including the MIB needs to

[ 1

be changed for some reasons, it 1s informed to every UE
within a cell through paging RRC signaling. Thus, PBCH
reception by a UE 1s required only once 1n an mitial cell
detection, and afterwards, existing information 1s main-
tained until Radio Resource Control (RRC) signaling indi-
cating that PBCH information of a serving cell has been
updated 1s received, and an additional receiving process 1s
not required.

Recently, a heterogeneous network 1n which a macro cell
and a small cell coexist 1s under discussion. In particular,
discussions for bypassing traflic by distributing a UE con-
nected to a macro cell to a small cell are 1n progress.

FIG. 11 1s a view 1llustrating a heterogeneous network
including a macro cell and a small cell.

In a next-generation commumnication standard including a
3GPP LTE-A, a heterogeneous in which a small cell, for
example, a pico cell, a femto cell, or a micro cell having low
transmission power exist 1n an overlapping manner in exist-
ing macro cell coverage 1s under discussion.

Referring to FIG. 11, a macro cell may overlap one or
more micro cells. A service of the macro cell 1s provided by
a Macro eNodeB (MeNB). In this disclosure, a macro cell
and an MeNB may be mixedly used. A UE connected to the
macro cell may be designated as a macro UE. The macro UE
receives a downlink signal from the MeNB and transmits an
uplink signal to the MeNB.

The small cell may also be designated as a femto cell, a
pico cell, or a micro cell. A service of the small cell 1s
provided by a pico eNodeB, a Home eNodeB (HeNB), or a
Relay Node (RN). For the purposes of description, the pico
cNodeB, the HelNB, and the RN will be generally referred to
as a Home BS (HeNB). In this disclosure, a micro cell and
the HeNNB may be mixedly used.

In the heterogeneous network, since the macro cell and
the small cell overlap, inter-cell interference may be prob-
lematic. As 1llustrated, when a UE 1s located 1n a boundary
between the macro cell and the small cell, a downlink signal
from the macro cell may act as mterference. Similarly, a
downlink signal from the small cell may also act as inter-
ference.

For a specific example, when a UE 100 connected to a
small cell 200-1 1s located 1n the boundary of the small cell,
the UE 100 may be disconnected from the small cell 200-1
due to interterence from the macro cell 200, and this means
that coverage of the small cell 200-1 is smaller than
expected.

In another example when the UE 100 connected to the
macro cell 200 1s 1n the region of the small cell 200-1, the
UE 100 may be disconnected from the macro cell 200 due
to interference from the small cell 200-1. This means that a
shadow area 1s generated within the macro cell 200.
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The most fundamental method for solving the interference
problem 1s using different frequencies between heteroge-
neous networks. However, since a frequency 1s scarce and
expensive resource, and thus, the solution based on ire-
quency division 1s not welcomed to mobile carriers.

Thus, 1n 3GPP, such inter-cell interference 1s solved
through time division.

Thus, recently, in 3GPP, elICIC (enhanced Inter-Cell Inter-
terence Coordination) has been actively researched as an
interference cooperation method.

The time division scheme introduced to LTE Release-10
1s called an enhanced ICIC (Enhanced inter-cell interference
Coordination) 1n that 1t has been advanced compared with
the existing frequency division scheme. According to the
time division scheme, a cell causing interference 1s defined
as an aggressor cell or a primary cell, an interfered cell 1s
defined a victim cell or a secondary cell, and the aggressor
cell or the primary cell stops data transmission 1n a specific
subirame so that a UE may maintain connection with the
victim cell or the secondary cell in the corresponding
subirame. That 1s, 1n this method, when heterogeneous cells
coexist, etther cell temporarily stops signal transmission for
a UE considerably interfered 1n a certain region and rarely
transmits an interierence signal.

A specific subframe 1 which the data transmission 1s
stopped 1s called an Almost Blank Subiframe (ABS), and any
data other than essential control mmformation 1s not trans-
mitted in the subiframe corresponding to the ABS. The

essential control information may be, for example, a Cell-
specific Reference Signal (CRS). In the current 3GPP LTE/

[ TE-A standard, the CRS signal exists in 07, 4”, 77 and
117 OFDM symbols in a time axis. Thus, in the subframe as
the ABS, only the CRS signal is transmitted on the 07, 47,
7% and 11”7 OFDM symbols.

FIG. 12A 15 a view illustrating elCIC (enhanced Inter-Cell
Interference Coordination) for solving interference between
base stations.

Referring to FIG. 12A, a first eNodeB 200a performs data
transmission 1n a data region of an illustrated subiframe, and
CRSs are transmitted on 07, 4%, 7% and 11” symbols.

Here, the second eNodeB 20056 operates the illustrated
subirame as an ABS.

That 1s, when the eICIC 1s applied to the second eNodeB
20056, a corresponding subirame 1s operated as an ABS and
no data may be transmitted in the data region. However, in
the subiframe operated as an ABS, only CRS may be
transmitted on the 07, 47, 7%, and 117 symbols.

FIG. 12B 1s a view 1illustrating an example of exchanging
ABS subirame-related information.

As can be seen with reference to FIG. 12B, ABS-related
information may be exchanged between the first eNodeB
2004 and the second eNodeB 2005 through an X2 interface.

Also, the first eNodeB 2004 and the second eNodeB 2005
may transmit the ABS-related information to the serving
UEs 100aq and 1005 thereol, respectively.

The first eNodeB 200q and the second eNodeB 2006 may
set a measurement subset for the serving UEs 100aq and 1005
thereol on the basis of one or more of the ABS-related
information of their own and ABS-related information of a
counterpart, and transmit the same.

Since the corresponding cell 200a or 2006 does not
transmit a downlink signal or transmit a downlink signal
with reduced power on the downlink subirame set as an
ABS, a magmtude of interiference ail

ecting coverage of
other cell may be reduced, compared with a downlink
subirame which i1s not set as an ABS. Thus, since a magni-
tude of interference may vary depending on whether a
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corresponding subirame has been set as an ABS, the UE 100
may perform measurement only on a previously designated
specific subirame.

To this end, on the basis of one or more of the ABS pattern
information of their own and ABS pattern information of a
counterpart, each of the cells 200aq and 2005 may instruct the
serving UEs 100q and 1005 thereof to perform measurement
only on a specific subirame. This 1s called a restricted

measurement. The instruction may be transmitted through
higher layer signaling. The higher layer signaling may be
RRC signaling. The signaling may be a CQI-ReportConfig
clement.

The ABS-related information includes ABS information
and an ABS state.

First, the ABS information may include one or more of
information elements shown in Table 2 below. ABS pattern
information 1s imnformation indicating a subirame to be used
as an ABS, as a bitmap, and may be configured as a 40-bit
bitmap 1n FDD and a maximum of 70-bit bitmap in case of
TDD. For example, 1n case of FDD, 40 bits represent 40
subirames, and when a bit value 1s 1, it represents an ABS,
and when the bit value 1s 0, 1t represents a general subiframe
(non-ABS), rather than an ABS. A measurement subset 1s a
subset of ABS pattern information and 1s also configured as
a 40-bit bitmap 1n FDD and a maximum of 70-bit bitmap 1n
TDD. Such a measurement subset 1s to set a restricted
measurement in a corresponding UE.

TABLE 2

Information

element Description

ABS Pattern In each position of a bitmap, a value “1” indicates

Information an ABS and a value “0” indicates a non-ABS. A
first position of an ABS Pattern corresponds to a
subiframe O 1 a radio frame of SFN = 0. The ABS
pattern continuously appears in every radio frame. A
maximum number of subframes 1s 40.

Measurement It indicates a subset of ABS pattern information and

subset 1s used to set UE-specific measurement.

ABS deactive It indicates that interference coordination by ABS

1s not activated.

An ABS status 1s used to determine whether a correspond-
ing cell should change an ABS pattern. Available ABS
pattern information 1s a subset of ABS pattern information,
which also includes a bitmap. The available ABS pattern
information indicates whether a subirame designated as an
ASB has been properly used for the purpose of alleviating
interference. A downlink ABS status, a ratio of the number
of downlink Resource Blocks (RBs) scheduled 1n a sub-
frame indicated in the available ABS pattern information
and Resource Blocks (RBs) allocated for a UE to be pro-
tected through the ABS among the scheduled downlink
resource blocks, represents information as to how eflectively
the ABS has been utilized for an intrinsic purpose in a victim
cell.

TABLE 3

Information

element Description

DL ABS status It 1s a percentage of used ABS resources. The numerator
of the percentage includes resource blocks in an ABS
indicated in available ABS pattern information, and

the denominator 1s a total number of resource blocks

of ABS indicated in the available ABS pattern

information.
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TABLE 3-continued

Information

element Description

Availability Each position 1mn a bitmap indicates a subframe, and a
of ABS pattern value “1” indicates an ABS designated to be protected
information by inter-cell interference, and a value “0”’1s used for

all of the other subframes. A pattern expressed by a
bitmap 1s configured as a subset of corresponding ABS
pattern information or configured to be the same.

The measurement subset configured as a subset of the
ABS pattern information 1s a subirame used as an ABS, and
other subirames included 1n the ABS pattern may determine
as to whether a corresponding cell 1s to be autonomously
utilized as an ABS according to a traffic load.

In addition to the solution of the inter-cell interference
problem through the eICIC technique, a scheme of adding an
interference cancellation capability to the UE 100.

When the interference cancellation capability 1s used, an
inter-cell interference may be reduced, and thus, coverage of
a small cell can be expanded. Details therecof will be
described with reference to FIG. 13.

FIG. 13 1s a view 1llustrating a concept of expanding
coverage ol a small cell according to an embodiment of the
present disclosure.

As 1llustrated in FIG. 13, a base station (e.g., a pico
cNodeB) 300 of several small cells may be installed 1n
coverage of a base station (e.g., an eNodeB) 200q of a macro
cell. When a UE 100 which has been served by the BS 200q
of the macro cell exists within coverage of the BS 300 of the
small cell, the UE 100 may perform handover to the BS 300
of the small cell, obtaining an efect of offloading traflic of
the BS 200a of the macro cell.

Here, handover from the BS 2004 of the macro cell
corresponding to a serving BS to the BS 300 of the small cell
corresponding to a target BS 1s performed when strength of
a reference signal of the target BS on the basis of strength

(RSRP, RSRQ) of the reference signal received by the UE

100 from the serving BS is equal to or greater than a specific
threshold value.

Here, even though strength of the received reference
signal of the target BS 1s not greater than strength of the
received reference signal of the serving BS by the threshold
value or greater, handover may be performed to the target
BS by using a certain means additionally or by improving
capability of the UE 100. Such an operation results 1n
expanding a cell range or a cell radius of the BS (e.g., pico
cNodeB) 300 of the small cell corresponding to the target
BS. In the drawing, the coverage expanded area larger than
the basic coverage of the small cell 300 1s shown to be
shaded. Such a coverage expanded area may be called a Cell
Range Expansion (CRE).

Here, when a threshold value used for general handover
1s expressed as S, . an area available for CRE may be
expressed as an area of S, <=S . <=S_. or.

Meanwhile, reception strength with respect to the refer-
ence signal from the small cell 300 may be expressed as
RSRP/RSRQ measured by the UE 100.

In this manner, by expanding the basic coverage of the
small cell 300 using the interference removal capability of
the UE 100, an eflect of oflloading traflic to the small cell
300 may be obtained.

In other words, when the interference removal capability
of the UE 100 1s used, even though strength of a reference
signal received from the small cell 1s not greater than
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strength of a reference signal received from the macro cell
by more than a threshold value, handover to the small cell
may be performed.

Disclosures of the Present Specification

Hereinafter, an interference cancellation function will be
described 1n more detail 1n accordance with the disclosures
of the present specification.

FI1G. 14 1s a block diagram illustrating a structure of a U.

according to one embodiment of the present specification.
In LTE or LTE-A, OFDM 1s used for a downlink and

SC-FDMA similar to OFDM 1s used for an uplink.
SC-FDMA may also be referred to as DISCRETE FOU-
RIER TRANSFORM (DFT)-spread OFDM (DFT-s
OFDM). When SC-FDMA 1s used, non-linear distortion of
a power amplifier may be avoided, thus improving trans-
mission power efliciency in a power consumption-limited
terminal. Accordingly, user throughput may be enhanced.
SC-FDMA 1s substantially similar to OFDM 1n that
SC-FDMA transmits signals via separate subcarriers using a
Fast Fourier Transform (FFT) and Inverse FFT (IFFT). A
conventional OFDM transmitter has a problem that signals
in respective subcarriers on the frequency axis are converted
into signals on the time axis by IFFT. That 1s, IFFT 1s a
scheme of performing the same operation in parallel, and
thus Peak-to-Average Power Ratio (PAPR) increases. To
prevent increase in PAPR, SC-FDMA performs IFFT after
DFT spreading, unlike OFDM. That 1s, a transmission mode
in which IFFT i1s performed after DFT spreading 1s defined

as SC-FDMA. Further, SC-FDMA 15 also referred to as DFT
spread OFDM (DFT-s-OFDM).

SC-FDMA secures robustness to a multipath channel due
to a similar structure to OFDM and basically resolves a
disadvantage of conventional OFDM that 1s increase 1n
PAPR by IFFT, thereby allowing eflicient use of a power

amplifier.
Referring to FIG. 14, the UE 100 includes a Radio

Frequency (RF) unit 110. The RF unit 110 includes a
transmitter Il and a recerver 112. The transmitter 111
includes a Discrete Fourier Transtorm (DFT) umt 1111, a
subcarrier mapper 1112, an IFFT unit 1113, a cyclic prefix
(CP) insertion unit 1114, and a wireless transmission unit
1115. The transmitter 111 of the RF unit 110 may further
include, for example, a scramble unit, a modulation mapper,
a layer mapper, and a layer permutator, which may be
disposed before the DFT umt 1111. That 1s, as described
above, to prevent increase in PAPR, the transmitter of the RF
unit 110 subjects data to the DFT unit 1111 before mapping,
a signal to a subcarrier. The signal spread (or precoded) by
the DFT umit 1111 1s mapped onto a subcarrier by the
subcarrier mapper 1112 and subjected to the IFFT unit 1113
into a signal on the time axis.

That 1s, in SC-FDMA, unlike OFDM, PAPR of a signal in
the time domain obtained via the IFFT unit 1113 1s not
substantially increased by correlations between the DET unait
1111, the subcarrier mapper 1112, and the IFFT umt 1113,
thereby providing favorable transmission power efliciency.
That 1s, 1n SC-FDMA, PAPR or Cubic Meter (CM) may be
decreased.

The DFT unit 1111 performs DFT on iput symbols to
output complex-valued symbols. For example, when Ntx
symbols are mput (here, Ntx 1s a natural number), DFT has
a size of Nitx. The DFT umt 1111 may be referred to as a
transform precoder. The subcarrier mapper 1112 maps the
complex-valued symbols onto respective subcarriers in the
frequency domain. The complex-valued symbols may be

(Ll

10

15

20

25

30

35

40

45

50

55

60

65

22

mapped onto resource elements corresponding to resource
blocks allocated for data transmission. The subcarrier map-
per 1112 may be referred to as a resource element mapper.
The IFFT unit 1113 performs IFFT on the input symbols to
output a baseband signal for data as a signal 1n the time
domain. The CP isertion unit 1114 copies latter part of the
baseband signal for data and 1nserts the latter part 1n front of
the baseband signal for data. CP insertion prevents Inter-
Symbol Interference (ISI) and Inter-Carrier Interference
(ICI), thereby maintaining orthogonality even in a multipath
channel.

Meanwhile, the 3GPP i1s actively carrying out standard-
ization of LTE-Advanced, evolving from LTE, for which
clustered DFT-s-OFDM allowing non-contiguous resource
allocation 1s adopted.

Clustered DFT-s-OFDM 1s a modification of existing
SC-FDMA, which divides data symbols having been sub-
jected to a precoder into a plurality of sub-blocks and
separately mapping the sub-blocks in the frequency domain.
An i1mportant feature ol clustered DFT-s-OFDM allows
frequency selective resource allocation to deal with a fre-
quency selective fading environment in a flexible manner.

Here, clustered DF1-s-OFDM adopted as an uplink access
mode for LTE-Advanced allows non-contiguous resource
allocation, unlike SC-FDMA as an uplink access for LTE,
and thus transmitted uplink data may be divided mto a
plurality of cluster units.

That 1s, the LTE system 1s configured to maintain a single
carrier characteristic in an uplink, whereas the LTE-A sys-
tem allows non-contiguous allocation of DFT-precoded data
to the frequency axis or simultaneous transmissions of a
PUSCH and PUCCH.

Meanwhile, the receiver 112 of the RF unit 110 includes
a wireless reception unit 1121, a CP cancellation unit 1122,
an FF'T unit 1123, an equalizer unit 1124, and an interference
cancellation unit 1125. The wireless reception unit 1121, the
CP cancellation unit 1122, and the FFT umt 1123 of the
receiver perform reverse functions of the wireless transmis-
sion unit 1115, the CP insertion unit 1114, and the IFFT unit
1113 of the transmuitter 111.

The interference cancellation unit 1124 cancels or relieves
interference icluded 1n a received signal.

The receiver 112 1n which the interference cancellation
unit 1124 1s added, co-called an Interference Cancellation
(IC) recerver or an Interference Rejection Combiner (IRC)
receiver may be implemented by deducting interference
signal from reception signals, conceptually.

At the moment, the complexity of the receiver in which
the interference cancellation unit 1124 1s added 1s dependent
upon the maximum number of cells which are objects of
interference cancellation and the sort of signals which will
be canceled.

The signals which are objects of interference cancellation
include a Cell-specific Reference Signal (CRS), a Physical
Broadcasting Channel (PBCH), a Sync CHannel (SCH), a
Physical Downlink Shared CHannel (PDSCH), and the like.

The receiver 112 1n which the interference cancellation
unit 1124 1s added, co-called the IC receiver or the IRC
receiver may cope with wireless data requirements which
are explosively increased. Particularly, since the increase 1n
reception performance 1s obtainable without significant
increase ol complexity, significant performance gain 1s
obtainable i1n the environment in which interference from
neighboring base station 1s dominant.

Thus, the disclosures of the present specification propose
schemes of reducing or removing interference by at least one
cell (or interfering cell) adjacent to the serving cell. Spe-
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cifically, a first disclosure proposes a scheme of removing
interference by PBCH and a second disclosure proposes a
scheme of removing interference by a CRS, among the
disclosures of the present specification.

The first and second disclosures of the present specifica-
tion will be hereinafter described in more detail.

I. The First Disclosure of the Present Specification

As mentioned above, the first disclosure of the present
specification proposes the scheme of removing interference
by PBCH. First, interference by PBCH i1s shown below.

FIGS. 15A and 15B are views illustrating a situation in
which a PBCH 1s introduced from an interference cell.

Referring to FIG. 15A, a situation 1n which a serving cell
of a UE 100 1s a first eNodeB 200a and a neighbor cell
causing interference 1s a second eNodeB 2005 1s illustrated.
When the second eNodeB 2005, a neighbor cell causing
interference, transmits a PBCH, the PBCH may interfere 1n
any one of a PBCH, PDCCH, PDSCH, PCFICH, and
PHICH from the first eNodeB, a serving cell.

Meanwhile, referring to FIG. 15B, a situation in which,
when the small cell 300 exists 1n an overlapping manner
within coverage of the second eNodeB 2005 corresponding,
to a macro cell, a serving cell of the UE 100 1s the small cell
300 and a neighbor cell causing interference 1s the second
cNodeB 2006 1s illustrated. Even 1n this case, similarly,
when the second eNodeB 20056 causing interference trans-
mits a PBCH, the PBCH may interfere in any one of PBCH,
PDCCH, PDSCH, PCFICH, and PHICH {from the small cell
300 as a serving cell.

FIGS. 16A through 16D are views illustrating an 1nflu-
ence when a PBCH 1s introduced from an interference cell.

First, as can be seen with reference to FIG. 16A, 1n a case
in which downlink 1s synchronized between a first eNodeB
200a corresponding to a serving cell of the UE 100, and a
second eNodeB 2006 (or a small cell) corresponding to a
neighbor mterference cell (i.e., when a timing oflset 1s 0), a
PBCH from the interference cell 20056 interferes 1n a PBCH
of the serving cell 200a.

However, as can be seen with reference to FIG. 16B, 1n a
case i which downlink synchronization 1s not matched
between the serving cell 200 and the neighbor interference
cell 20056 and the timing oflset 1s a subirame unit, a PBCH
from the interference cell 20056 1interferes 1n downlink data
(e.g., a PDSCH).

Similarly, as can be seen with reference to FIG. 16C, 1n
a case 1 which downlink synchronization 1s not matched
between the serving cell 200a and the neighbor cell 2005
and a timing oifset thereof 1s 1 to 6 symbols or 11 to 13
symbols, a PBCH from the interference cell 20056 interieres

in downlink data (e.g., a PDSCH) from the serving cell
200a.

As can be seen with reference to FIG. 16D, 1in a case in
which downlink synchronization 1s not matched between the
serving cell 200aq and the neighbor cell 2006 and a timing
oflset thereot 1s 7 or 8 symbols, a PBCH from the interfer-
ence cell 2006 interferes 1n control information (e.g., a
PDCCH, a PCFICH, or a PHICH) from the serving cell
200a.

Although not shown, 1n a case 1n which a downlink timing
oflset between the serving cell 200q¢ and the neighbor
interference cell 2006 1s 9 and 10 symbols, a PBCH from the
interference cell 20056 interferes in the control mformation
(e.g., a PDCCH, a PCFICH, or a PHICH) as well as
downlink data (e.g., a PDSCH) from the serving cell 200aq.

As can be seen with reference to FIGS. 16 A through 16D,
the UE 100 should cancel intertference by the PBCH from
the neighbor mterterence cell 2005.

10

15

20

25

30

35

40

45

50

55

60

65

24

In general, a UE that does not consider interference by a
neighbor cell or an eNB performs channel estimation using
a CRS for demodulating a signal received from the eNB.

FIG. 17 1llustrates an example of a structure of a general
PBCH receiver.

FIG. 17 illustrates a structure of a PBCH recerver R10
including a channel estimator R12 using a CRS.

Referring to FIG. 17, the channel estimator R12 1s divided
into a frequency domain channel estimator R12_1 that
performs channel estimation 1n the frequency domain and a
time domain channel estimator R12_2 that performs channel
estimation in the time domain.

An RX FFT unit R11 converts a received signal into a
frequency signal through FFT. A channel value 1s estimated
in the frequency domain and the time domain using a CRS
assigned between a base station and a UE from a frequency
domain reception signal. An MIMO decoder R13 uses the
estimated channel value and the frequency domain reception
signal, finally demodulating data.

The purpose of a general channel estimator 1s to estimate
a channel that a CRS experiences using the CRS and a
channel that PBCH undergoes through interpolation.

In this case, an exact frequency domain channel response
of the channel that PBCH experiences may be obtained on
the basis of Pa, Pb information that notifies of a transmait
power diflerence between an OFDM symbol including an
RS and an OFDM symbol including no RS.

However, the general channel estimator does not consider
a case that interference by a neighbor base station is large.
If PBCH {for an interference signal transmitted from a
neighbor base station exists, a reliability of an estimated
channel value and demodulated data may be decreased.

Thus, the first disclosure of the present specification
proposes a scheme ol obtaining PBCH information by
decoding PBCH transmitted by a cell that neighbors a
serving cell to cause interference in a received signal,
estimating a channel for PBCH based on the obtained PBCH
information, generating an interference signal based on the
PBCH information and the estimated channel for PBCH,
and removing the generated interference signal from the
received signal.

Particularly, the first disclosure of the present specifica-
tion 1s as follows.

FIG. 18 1s a block diagram illustrating a structure of an
IRC 1n accordance with the first disclosure of the present
specification.

Referring to FIG. 18, the first disclosure of the present
specification proposes a scheme of obtaining interference
PBCH information on a neighbor cell 1n a state where it 1s
assumed that a UE does not know a power ratio of a CRS
and PBCH, to solve the above-mentioned problems.

In particular, a UE R100 in accordance with the first
disclosure of the present specification may first obtain
PBCH information on an interference signal from a neighbor
cell to generate (or regenerate) an interference signal by
PBCH transmitted by the neighbor cell (or an aggressor cell)
that neighbors a serving cell.

For example, the UE 1n accordance with the first disclo-
sure of the present specification receives a signal from a
serving cell, and decodes PBCH, which 1s transmitted by a
cell adjacent to the serving cell to cause interference 1n the

received signal, obtaining PBCH information.
The PBCH information may be obtained by a PBCH

decoder R120, which decodes PBCH transmitted by a neigh-
bor cell or an aggressor cell.

In accordance with the first disclosure of the present
specification, the PBCH information may be secured
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through CRS-based channel estimation. To this end, the
PBCH decoder R120 may acquire interference PBCH 1nfor-
mation by adopting a CRS-based channel estimation tech-
nique. For example, the PBCH decoder R120 may obtain the
PBCH information by decoding PBCH through CRS-based
channel estimation.

An nterference signal generator R110 may include a first
FFT unit R111 that performs FFT on a received signal, a
6RB detector R112 that detects 6RBs for channel estimation,
a neighbor cell channel estimator R113 that estimates a
channel for a neighbor cell and a re-mapping unit R114.

The neighbor cell channel estimator R113 estimates a
channel that interference signal PBCH experiences for inter-
terence cancellation, using the obtained interference PBCH
information.

For example, the UE 1n accordance with the first disclo-
sure of the present specification may estimate the channel

for PBCH based on the obtained PBCH intormation.

The UE may generate an interference signal based on the
PBCH information and the estimated channel for PBCH.

Particularly, the estimated channel 1s multiplied by inter-
terence PBCH information, and an interference signal is
(re)generated by the re-mapping unit R114.

A serving cell receiver R130 demodulates a signal
received from the serving cell, and may include a second
FFT umt R131, an interference canceller R132, a serving

cell channel estimator R133 that estimates a channel for the
serving cell, and an MIMO decoder R134.

In accordance with the first disclosure of the present
specification, the UE may remove the generated interference
signal from the received signal.

In particular, the mterference canceller R132 removes the
(re)generated interference signal from the received signal,
and the serving cell channel estimator R133 estimates a
channel for the serving cell.

The MIMO decoder R134 finally demodulates data using
a received signal converted 1nto a frequency domain through
the second FFT unit R131 and channel estimates for the
serving cell.

For example, the (re)generated interference signal 1s used

to remove an mterference signal from a received signal, and
channel estimation for the serving cell and PBCH decoding
are performed.

Meanwhile, the UE 1n accordance with the first disclosure
of the present specification may consecutively remove an
interference signal by generating the interference signal by
at least one PBCH and first removing 1t from a received
signal, when at least one neighbor cell other than a cell
adjacent to a serving cell exists and signal strength of at least
one PBCH transmitted by at least one neighbor cell 1s greater
than signal strength of PBCH transmitted by a cell adjacent
to the serving cell. Particularly, the first disclosure of the
present specification will be described with reference to FIG.
19 as follows.

FIG. 19 1s a view illustrating a method for removing
interference 1n accordance with the first disclosure of the
present specification.

FIG. 19 depicts, for example, a case that there are two
neighbor cells or two aggressor cells. Referring to FIG. 19,
the UE R100 may first decode PBCH {for a first cell with a
largest power.

After that, when decoding PBCH for a cell with a second
largest power, the UE R100 regenerates an interference
signal of the first cell, removes interference, and decodes

PBCH.
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When decoding PBCH for a final cell, the UE R100
simultaneously regenerates and removes interference signals
of first two cells and decodes PBCH. This equally applies to
N cells.

In particular, as illustrated 1n FIG. 19, in the case of
Scenario 1, the UE R100 removes interference signals 10, 11
which have large power 1n descending order from a recerved
signal.

Next, like Scenario 2 and 3, when power of a signal (S)
of the serving cell 1s larger than an interference signal, the
UE R100 considers the signal (S) of the serving cell as an
interference signal and removes 1t, extracting interference
signals for all of the neighbor cells.

FIG. 20 1s a block diagram illustrating a process of
obtaining PBCH information through PBCH decoding 1n
accordance with the first disclosure of the present specifi-
cation.

FIG. 20 1llustrates a channel estimation scheme for decod-
ing PBCH for an aggressor cell, and the channel estimation
scheme may use CRS.

Referring to FIG. 20, the UE in accordance with the first
disclosure of the present specification may estimate a chan-
nel value through a CRS-based LS estimator in the fre-
quency domain, remove noise from the channel value 1n the
time domain, perform time interpolation on the noise-re-
moved channel value, and decode PBCH based on the
time-interpolated channel value.

Particularly, a PBCH decoder R120 may extract PBCH
information on at least one cell adjacent to a serving cell.

When there i1s an interference signal with larger power
than a target signal (or a target PBCH signal) for a target cell
that 1s a certain neighbor cell from which PBCH information
1s to be obtained, the PBCH decoder R120 removes the
interference and estimates a channel.

A channel estimating process 1s similar or equal to a
serving cell channel estimation method, and operates at 128
point (128 point FFT/IFFT).

In particular, the PBCH decoder R120 performs FFT on
a recerved signal (performed by an Rx FFT umt), removes
an interference signal with signal strength larger than a
target signal from the recerved signal (performed by an
interference signal remover), estimates a channel for a target
cell m a CRS-based LS channel estimation technique (per-
formed by the CRS-based LS estimator), reduces or removes
noise 1n the time domain through an IFFT unit (performed
by a noise attenuator), performs interpolation in the time
domain via an FFT unit (performed by a time interpolator
and finally decodes PBCH (performed by a PBCH decoding
unit), obtaining PBCH information on the target cell.

FIG. 21 1s a view 1illustrating a band edge compensation
technique in the LS channel estimation according to an
embodiment of the present invention.

FIG. 21 illustrates the band edge compensation technique
for preventing performance degradation at the band edge,
which may occur in the LS channel estimation.

In accordance with the first disclosure of the present
specification, the LS estimator may operate 1 a predeter-
mined frequency bandwidth and set a channel value corre-
sponding to the frequency domain of a reception frequency
bandwidth out of the predetermined frequency bandwidth as
a channel value corresponding to the CRS location of both
ends of the predetermined frequency bandwidth when it 1s
required that the channel value 1s estimated with the recep-
tion frequency bandwidth greater than the predetermined
frequency bandwidth.

The predetermined frequency bandwidth may be a fre-
quency bandwidth corresponding to 6RBs.
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Particularly, referring to FIG. 21, if the UE does not know
a frequency bandwidth of an aggressor cell, the UE assumes
1.4 MHz and copies a channel value corresponding to the
CRS location of both ends of 72 resources like a method
used in conventional serving cell channel estimation, pre-
venting performance deterioration at the ends of the fre-
quency band (see an upper drawing of FIG. 21).

Meanwhile, 1f the UE knows a frequency bandwidth of an
aggressor cell, the UE may estimate a channel corresponding
to a frequency band larger than PBCH that uses 72
resources, using all of the corresponding CRSs within 128
points (see an upper drawing of FIG. 21).

FI1G. 22 1s a block diagram 1llustrating a channel estima-
tion techmque for PBCH-IC according to an embodiment of
the present 1mnvention.

Referring to FI1G. 22, the channel estimation technique for
PBCH-IC according to an embodiment of the present inven-
tion may be performed by a serving cell channel estimator
R133.

In accordance with the first disclosure of the present
specification, the serving cell channel estimator R133 per-
forms channel estimation based on the signal and the PBCH
information, produces an average of the channel estimates 1n
a predetermined OFDM symbol section, and performs fre-
quency 1nterpolation on the produced average, estimating a

channel for PBCH.

Particularly, referring to FIG. 22, the serving cell channel
estimator R133 performs LS estimation using aggressor
PBCH information which has already been obtained. A
method for estimating a channel that PBCH experiences in
the frequency domain may vary according to the number of
antenna ports used.

Since LS estimation 1s performed on the basis of PBCH
information, channel estimates for a total of four symbols
are output by the LS channel estimator.

After that, the serving cell channel estimator R133 cal-
culates an average between the symbols (performed by a
symbol averaging unit) and converts the calculated average
into a time domain signal (performed by an IFFT unit).

The serving cell channel estimator R133 filters noise

through a noise attenuator and converts the time domain
signal 1nto a frequency domain signal through an FFT unit,
performing channel estimation.

As mentioned above, the LS channel estimation method
for estimating a channel that PBCH experiences 1n the
frequency domain may vary according to the number of
antenna ports used as follows.

1. When using a single antenna port

: Channel estimation 1s performed through a general LS

channel estimator.

2. When using two or more antenna ports

. An SFBC decoding technique 1s applied. PBCH 1s

transmitted through an SFBC process with respect to
two or more transmit antennas. Therefore, the UE may
estimate a channel through SFBC decoding using
known PBCH information.

For example, the channel estimation may be performed
through the LS estimator when there 1s a single receive
antenna port and through SFBC decoding when there are
two or four receive antenna ports.

FIG. 23 1s a view 1llustrating a channel estimation tech-
nique based on SFBC decoding according to an embodiment
of the present invention.

FI1G. 23 illustrates the channel estimation technique based
on SFBC decoding in the case of using two antenna ports.
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Reterring to FIG. 23, a received signal may be expressed
as Equation 12 below only in view of 2i” and (2i+1)”

subcarriers.

r(2i) = L [ 20500 = By DX (D) + r(2D)] [Equation 12]
V2
F(ZI + l) —
| . |
— 1y 2 + DxV (@) + by (2 + DO (D) +n(2i + 1]

V2

In this case, n(1) corresponds to Adaptive White Gaussian
Noise (AWGN) added to an i’ subcarrier signal, and h, (i)
and h,(i) mean channels that an i” subcarrier signal from a
first antenna and a second antenna undergoes, respectively.

When 1t 1s assumed that channels that neighbor subcarrier
signals experience are similar to each other (h (21)-h (21+1)),
the received signal may be expressed in the form of matrix

as Equation 13 below.
r=Hy+n |Equation 13]
r2) ]
[r(25+ |
1 [ 200 Py [hl(zf)} [ n(2i)
o " . + .
V2 206 xOmy |l A@0) n(2i+ 1)

When SFBC decoding 1s performed using known PBCH
information, determined channel information may be
expressed as Equation 14 below.

(20 F(20) [Equation 14]

F2i+ 1)

1 [P0 WMoy
V2 | =xPm O [

hy(20)

Meanwhile, 1n the case of using four antenna ports, when
SFBC decoding 1s performed by applying the same assump-
tion 1n the aforementioned method, channel information like

Equation 15 below may be obtained as follows.

|Equation 135]

@] 1 [HO0F {xf”(f)}*[ r(4i)
nan | V2| -0 xO@ |Lr@i+D
@i | 1 [P {xm(f)}*‘[r(amz)
@ | V2| -0 P |Lrdi+3)

Thus, use of the channel estimation method and the
interference cancellation method proposed in the first dis-
closure of the present specification, may increase target cell
detection performance or data demodulation performance
that are decreased by PBCH interference from a neighbor
cell.

II. The Second Disclosure of the Present Specification

As mentioned above, the second disclosure of the present
specification proposes a scheme of removing interference by
a CRS. First, interference by a CRS 1s shown below.

FIGS. 24A and 24B shows an interference caused by a
CRS of a neighboring cell.
Referring to FIG. 24A, 1if CRSs collide with each other

between a serving cell and an interfering cell, a reliability of
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the CRS of the serving cell 1s increased when removing the
CRS from an interfering neighboring cell by performing an
interference cancellation on the CRS.

However, as shown 1in FIG. 24B, even 1 CRSs do not
overlap with each other between the serving cell and the
interfering neighboring cell, the CRS of the interfering
neighboring cell collides with data of the serving cell. In this
case, there 1s no significant change in a reliability of channel
estimation through the CRS of the serving cell. On the other
hand, actual noise power of a data region overlapping with
the CRS of the neighboring cell 1s decreased with respect to
noise power estimated through the CRS of the serving cell.

As a result, 11 the terference cancellation 1s performed
on the CRS, the aforementioned demodulation process
needs to be improved.

Generally, a UE not considering interference by a neigh-
bor cell performs channel estimation using a CRS for
demodulating a signal received from a base station.

FI1G. 25 1s a block diagram 1llustrating a general channel
estimation process based on a CRS.

Referring to FIG. 235, the general LS channel estimation
process based on a CRS 1s as follows.

Especially, an LS channel estimator of FIG. 25 may adopt
a Discrete Fourier Transtorm (DFT)-based channel estima-
tion method.

First, a time domain reception signal may be converted
into a frequency domain signal through an FFT unit P10.

After this, the UE estimates a channel for a serving cell
through a channel estimator P11.

Particularly, the UE performs LS channel estimation
based on a known CRS with a frequency domain signal
converted through the LS channel estimator.

Since output of LS channel estimation 1s 1n a state where
the noise 1s not removed, the UE performs IFFT for reducing,
the effect of noise to attenuate or remove a noise component
through a noise attenuator and performs FFT for obtaiming
a Irequency domain channel response.

As a channel of an estimated frequency domain 1s a
channel component for an OFDM symbol including a CRS,
the UE may secure a frequency domain channel response
that all of the OFDM symbols experience by performing
time domain interpolation through a time domain channel
estimator to obtain a channel component for an OFDM
symbol not including a CRS.

The UE finally demodulates a received signal by perform-
ing decoding through an MIMO decoder.

However, the UE generally receives signals from several
neighbor cells mcluding a service cell. In this case, the
received signals undergo various situations, such as, for
example, environments that there 1s a time oflset according
to arrival times of the recerved signals to the UE, CRSs
collide with each other according to 1Ds of several cells, and
there 1s no periodical interference 1n the data region accord-
ing to cell operating methods. These situations cause per-
formance degradation 1n interference cancellation channel
estimation of the UE, resulting in decreasing the final
reception performance thereof.

Thus, the second disclosure of the present specification
proposes a channel estimation technique that can increase
ciliciency in implementation by enabling channel estimation
with relatively low complexity even when the number of
interference signals increases, and an interference cancella-
tion technique that can improve reception performance
through consecutive CRS interference cancellation.

Particularly, when two interference signals exist, the UE
according to the second disclosure of the present specifica-
tion may receive a signal from a serving cell, generate a first
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interference signal from the received signal based on a first
CRS, which 1s transmitted by a first cell adjacent to the
serving cell to cause interference in the received signal,
remove the first interference signal from the signal, generate
a second 1nterference signal from the signal, from which the
first interference signal 1s removed, based on a second CRS,
which 1s transmaitted by a second cell adjacent to the serving
cell to cause interference 1n the signal, and remove the
second interference signal from the signal, from which the
first interference signal 1s removed.

Si1gnal strength of the interference signal by the first CRS
may only be greater than signal strength of the interference
signal by the second CRS.

The UE may first remove a component corresponding to
a CRS transmitted by the serving cell from the received
signal when signal strength of the CRS transmitted by the
serving cell 1s greater than signal strength of an interference
signal by the first CRS.

The second disclosure of the present specification 1s
described with reference to the drawings as follows.

FIG. 26 1s a block diagram 1illustrating an IRC device for
a CRS according to an embodiment of the present invention.

FI1G. 26 1llustrates a structure of the IRC device C100,
which performs an interference cancellation function for
CRS Interterence Cancellation (CRS-IC), when two or more
interference signals come from neighbor cells.

Reterring to FIG. 26, the IRC device C100 1n accordance
with the second disclosure of the present specification
adopts a consecutive interference cancellation technique.

Here, FFT and IFFT computation may use a general
technique.

In accordance with the second disclosure of the present
specification, the IRC device may estimate an average of
path values 1n the vicinity away from about half of an FFT
point, compared with a maximum value of a path profile, as
noise for noise reduction and remove the noise.

The IRC device C100 according to the second disclosure
ol the present specification may use a received signal where
FFT 1s performed at different times according to time
information of each interference signal, and channel esti-
mation 1s performed through a general channel estimation
technique.

The IRC C100 may (re)generate an interference signal for
consecutive interference cancellation and an interference
signal for a serving cell.

The interference signal for consecutive interference can-
cellation may be regenerated on the basis of a time offset
between an n” interference signal and an (n+1)” interfer-
ence signal. A regeneration method may be equal or similar
to a conventional interference cancellation method.

The imterference signal for a serving cell may be (re)
generated on the basis of a time offset between an n™
interference signal and the serving cell. A regeneration
method may be equal or similar to a conventional interfer-
ence cancellation method.

The IRC device C100 according to the second disclosure
of the present specification may remove the interference
signal for consecutive interference cancellation from the
received signal and, for example, may remove the n”
interference signal from a received signal for the (n+1)”

interference signal.

The IRC device C100 may remove all of the interference
signals from a recerved signal for the serving cell to remove
interference 1n the serving cell.
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In particular, an interference cancellation process by the
IRC device C100 according to the second disclosure of the
present specification, 1s described with reference to FI1G. 26
as follows.

The IRC device C100 generates interference signals in
descending order of signal strength.

For example, when N interference signals I, to I, to be
removed exist, the IRC device C100 may be configured to
include N interference signal generators C110_1 to C110_N.

The N iterference signal generators C110_1 to C110_N
sequentially (re)generate interference signals, and a certain
interference signal remover generates a corresponding inter-
terence signal based on a received signal, from which an
interference signal 1s removed, 1n which strength of a signal
generated by a previous interference signal remover 1is

relatively large.

For example, the second interference signal remover
C110_2 of FIG. 26 (re)generates a corresponding interier-
ence signal based on a signal, from which an interference
signal (re)generated by the first imnterference signal remove
C110 1 1s removed.

An M” interference signal may, for example, be (re)
generated on the basis of a signal in which an (M-1)"
interference signal 1s removed from 1 with relatively larger
signal strength.

After this, the IRC device C100 removes all of the
(re)generated interference signals from the received signal
through an interference signal canceller C120.

When signal strength of the serving cell 1s large, the
interference cancellation technique for CRS-1C according to
the second disclosure of the present specification, may
perform the same interference cancellation 1n successive
IRCs by considering a signal of the serving cell as an
interference signal. For example, the remaining processes
may be performed except only regeneration of a final
interference signal for the serving cell.

Meanwhile, a collision between CRSs according to IDs of
neighbor cells may occur or not.

Data may exist or not in interference signals received
from neighbor cells according to cell operating methods.

When the UE includes an IRC device 1n 1n this environ-
ment, there 1s a need for varying input of the IRC device
according to environments or cell operation.

Thus, the second disclosure of the present specification
proposes an interference combining scheme for CRS-IC
according to cell operating methods.

Particularly, the UE 1ncluding the IRC device according to
the second disclosure of the present specification may gen-
erate an interference signal from a received signal based on
an interference CRS, which 1s transmitted by a cell adjacent
to a serving cell to cause interference in the recerved signal,
and may input a signal obtained by removing the interfer-
ence signal from the received signal to the IRC device when
a CRS transmitted by the serving cell collides with the
interference CRS and the received signal includes ABSs.

The UE may mput a signal before removal of the inter-
terence signal to the IRC device when a CRS transmitted by
the serving cell collides with the interference CRS and the
received signal does not include ABSs.

The UE may estimate a reception channel for the serving
cell and generate the interference signal based on the esti-
mated reception channel.

A path profile for estimating the reception channel may be
updated by IIR filtering only when a CRS transmitted by the
serving cell does not collide with the interference CRS and
the recerved signal does not include ABSs.
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When the received signal 1s divided into a first time
section including ABSs and a second time section not
including ABSs, a complex IIR filter used to estimate the
reception channel may be initialized only while a CRS
transmitted by the serving cell does not collide with the
interference CRS and during transition from one of the first
and second time sections to the other.

The UE may reduce noise by estimating the noise for the
received signal. A path profile for estimating the noise may
be updated by IIR filtering only when a CRS transmitted by
the serving cell collides with the interference CRS and the
received signal includes ABSs.

The UE may adjust a gain of an analog terminal for
maintaining power of the received signal to a constant level,
the gain of the analog terminal being adjustable only 1 a
time section where the received signal does not include
ABSs.

FIGS. 27a through 274 are views illustrating an example
of mput per operation of an IRC device according to an
embodiment of the present invention.

Particularly, left drawings of FIGS. 27a through 27d
illustrate a signal before interference cancellation per envi-
ronment or operation, and right drawings of FIGS. 27a
through 274 show a received signal after interference can-
cellation.

FIG. 27a 1llustrates colliding and ABS cases. In this case,
the received signal after interference cancellation needs to
be mput of the IRC device.

FIG. 275 1llustrates colliding and non-ABS cases. In this
case, the received signal before interference cancellation
needs to be mput of the IRC device.

FIG. 27¢ illustrates non-colliding and ABS cases. In this
case, the recerved signal before or after interference cancel-
lation needs to be mput of the IRC device.

FIG. 27d illustrates non-colliding and non-ABS cases. In
this case, the received signal before or after interference
cancellation needs to be mput of the IRC device.

Meanwhile, looking at the serving cell reception channel
estimation method for CRS-IC according to cell operating
methods according to the second disclosure of the present
specification, a degree of interference aflecting a CRS of the
serving cell may vary according to the colliding/non-collid-
ing or ABS/non-ABS cases, as illustrated in FIGS. 27q
through 274.

Thus, since a path profile for the serving cell 1s deter-
mined on the basis of a CRS of the serving cell, a method
other than a conventional method needs to be applied to the
path profile according to these environments.

For example, according to the second disclosure of the
present specification, the serving cell reception channel
estimation method for CRS-1IC may be equal or similar to the
conventional method 1n the colliding case, and may update
the path profile by performing IIR filtering only 1n ABSs
since an accuracy of an estimated channel decreases due to
data on an mterference signal in the non-colliding and
non-ABS cases.

Since the complex HIR filter takes an inter-1TT1 average,
output thereot 1s significantly changed according to collid-
ing/non-colliding or ABS/non-ABS environments, and thus
a method other than the conventional method needs to be
applied to the complex IIR filter according to cell operating
methods.

For example, according to the second disclosure of the
present specification, the serving cell reception channel
estimation method for CRS-1IC may be equal or similar to the
conventional method 1n the colliding case, may be per-
formed equal to the conventional method 1n a section where
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a degree of interterence atlecting a CRS 1s analogous 1n the
non-colliding case, and may initialize the IIR filter 1n a
section of transition from the ABS case to the non-ABS case
Or ViCce versa.

On the other hand, the serving cell reception noise esti- 5
mation technique for CRS-IC according to cell operating
methods 1 accordance with the second disclosure of the
present specification, may be equal or similar to the con-
ventional method 1n the colliding case, and may update the
path profile by performing IIR filtering only 1n ABSs since 10
an accuracy of an estimated channel decreases due to data on
an interference signal in the non-colliding and non-ABS
cases.

On the other hand, the analog gain adjusting technique for
CRS-IC according to cell operating methods in accordance 15
with the second disclosure of the present specification, may
perform analog gain adjustment before the IRC device to
maintain constant power of a receirved signal.

Theretfore, 1n the case of the non-colliding case according,
to cell operating methods, since the magnitude of a recerved 20
signal measured according to the presence or absence of data
on an interference signal varies, a value for analog gain
adjustment 1s significantly changed, so that 1t 1s diflicult to
maintain constant power of the received signal.

Thus, according to the second disclosure of the present 25
specification, analog gain adjustment may be performed
only 1n the non-ABS section when the ABS/non-ABS sec-
tion occurs unlike the conventional method.

As described above, use of the channel estimation method
proposed 1n the second disclosure of the present specifica- 30
tion may reduce complexity of channel estimation on an
interference signal and increase efliciency in implementa-
tion by enabling channel estimation with relatively low
complexity even when the number of iterference signals to
be estimated increases. 35

Using the noise reduction method may effectively remove
noise ifrom an estimated channel without an additional
device for noise estimation.

The interference signal applicable to various cell deploy-
ment environments may be canceled by using the interfer- 40
ence cancellation method and the reception channel estima-
tion method, to which the channel estimation method and the
noise reduction method proposed 1n the second disclosure of
the present specification are applied.

The embodiments illustrated above may be implemented 45
by various instruments. For example, the embodiments of
the present invention may be implemented by hardware,
firmware, software, or combinations thereof, which will be
described 1n detail with reference to FIG. 28.

FIG. 28 1s a block diagram illustrating a wireless com- 50
munication system according to an embodiment of the
present mvention.

A BS 200 includes a processor 201, a memory 202, and
an RF (radio frequency) unit 203. The memory 202 coupled
to the processor 201 stores a variety of information for 55
driving the processor 201. The RF unit 203 coupled to the
processor 201 transmits and/or receives a radio signal. The
processor 201 implements the proposed functions, proce-
dure, and/or methods. In the atorementioned embodiment,
an operation of the BS may be implemented by the processor 60
201.

A wireless device 100 includes a processor 101, a memory
102, and an RF unit 103. The memory 102 coupled to the
processor 101 stores a variety of information for driving the
processor 101. The RF unit 103 coupled to the processor 101 65
transmits and/or receives a radio signal. The processor 101
implements the proposed functions, procedure, and/or meth-
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ods. In the aforementioned embodiment, an operation of the
wireless device may be implemented by the processor 101.

The processor may include an application-specific inte-
grated circuit (ASIC), a separate chipset, a logic circuit,
and/or a data processing unit. The memory may include a
read-only memory (ROM), a random access memory
(RAM), a flash memory, a memory card, a storage medium,
and/or other equivalent storage devices. The RF unit may
include a base-band circuit for processing a radio signal.
When the embodiment of the present mvention 1s 1mple-
mented 1n software, the atorementioned methods can be
implemented with a module (i.e., process, function, etc.) for
performing the aforementioned functions. The module may
be stored in the memory and may be performed by the
processor. The memory may be located inside or outside the
processor, and may be coupled to the processor by using
various well-known means.

The UE that removes interference by a cell adjacent to the
serving cell in the wireless communication system according
to the embodiments of the present invention, may include an
RF unit receiving a signal from the serving cell, and a
processor obtaining PBCH information by decoding PBCH
transmitted by a cell that neighbors a serving cell to cause
interference in the received signal, estimating a channel for
PBCH based on the PBCH information, generating an
interference signal based on the PBCH information and the
estimated channel for PBCH, and removing the generated
interference signal from the recerved signal.

The UE that removes interference by a cell adjacent to a
serving cell in the wireless communication system according
to the embodiments of the present invention, may include an
RF unit receiving a signal from the serving cell, and a
processor generating a first interference signal from the
received signal based on a first CRS, which 1s transmuitted by
a first cell adjacent to the serving cell to cause interference
in the received signal, removing the first interference signal
from the signal, generating a second interference signal from
the signal, from which the first interference signal 1s
removed, based on a second CRS, which 1s transmitted by a
second cell adjacent to the serving cell to cause interference
in the signal, and removing the second interference signal
from the signal, from which the first interference signal 1s
removed.

Here, signal strength of the interference signal by the first
CRS may be greater than signal strength of an interference
signal by the second CRS.

In the aforementioned exemplary systems, the methods
are described on the basis of the flowchart with a series of
steps or blocks, but the present invention 1s not limited to the
order of the steps, and any step can be performed in order
different from the other steps or simultaneously therewith. In
addition, 1t should be understood to those skilled in the art
that the steps shown in the tflow chart are not exclusive, the
other steps are included, or the one or more steps of the
flowchart can be deleted without aflecting the scope of the
invention.

What 1s claimed 1s:

1. A method for removing interference by a User Equip-
ment (UE) 1n a wireless commumnication system, the method
comprising;

recerving a signal from a serving cell;

obtaining Physical Broadcast CHannel (PBCH) informa-

tion by decoding a PBCH, wherein the PBCH 1s
transmitted by a cell adjacent to the serving cell to
cause 1nterference 1in the signal;

estimating a channel for the PBCH based on the obtained

PBCH information;
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generating an interference signal based on the obtained

PBCH information and the estimated channel for the

PBCH; and
removing the generated interference signal from the

received signal,
wherein the obtaining PBCH information comprises:
estimating a channel value through a Least Square (LLS)

estimator based on a Cell-specific Reference Signal

(CRS) 1n a frequency domain;
removing noise from the channel value in a time domain;
performing time interpolation on the noise-removed chan-

nel value through a time estimator; and
decoding the PBCH based on the time-interpolated chan-

nel value,
wherein the LS estimator operates imn a predetermined
frequency bandwidth and sets a channel value corre-
sponding to the frequency domain of a reception fre-
quency bandwidth out of the predetermined frequency
bandwidth as a channel value corresponding to a CRS
location of both ends of the predetermined frequency
bandwidth, when it 1s required that the channel value 1s
estimated with a reception frequency bandwidth greater
than the predetermined frequency bandwidth.
2. The method of claiam 1, wherein the predetermined
frequency bandwidth corresponds to 6 Resource Blocks
(RBs).
3. The method of claim 1, wherein the estimating the
estimating a channel for the PBCH comprises:
performing channel estimation based on the signal and the
PBCH information;

producing an average of channel estimates 1n a predeter-
mined Orthogonal Frequency Division Multiplexing
(OFDM) symbol section; and

estimating a channel for the PBCH by performing 1ire-

quency interpolation on the produced average.

4. The method of claim 1, wherein the estimation of the
channel 1s performed through the LS estimator when there 1s
a single receive antenna port and through Space Frequency
Block Coding (SFBC) decoding when there are two or four
receive antenna ports.

5. The method of claim 1, further comprising generating,
an terference signal by at least one PBCH and removing
the generated interference signal from the received signal,
when at least one neighbor cell other than a cell adjacent to
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the serving cell exists and a signal strength of at least one
PBCH transmitted by the at least one neighbor cell 1s greater
than a signal strength of a PBCH transmitted by a cell
adjacent to the serving cell.

6. A User Equipment (UE) for removing interference by
a cell adjacent to a serving cell 1n a wireless communication
system, the UE comprising:

a Radio Frequency (RF) umt configured to receive a

signal from the serving cell; and

a processor configured to:
obtain Physical Broadcast CHannel (PBCH) informa-

tion by decoding a PBCH, wherein the PBCH 1s

transmitted by a cell that neighbors the serving cell
to cause interference in the signal,

estimate a channel for the PBCH based on the obtained
PBCH information,

generate an interference signal based on the obtained
PBCH information and the estimated channel for the
PBCH, and

remove the generated interference signal from the
received signal,

wherein the processor obtains the PBCH 1nformation
by:

estimating a channel value through a Least Square (LS)
estimator based on a Cell-specific Reference Signal
(CRS) 1n a frequency domain;

removing noise from the channel value 1 a time
domain;

performing time interpolation on the noise-removed
channel value through a time estimator; and

decoding the PBCH based on the time-interpolated
channel value,

wherein the LS estimator operates in a predetermined
frequency bandwidth and sets a channel value cor-
responding to the frequency domain of a reception
frequency bandwidth out of the predetermined fre-
quency bandwidth as a channel value corresponding,
to a CRS location of both ends of the predetermined
frequency bandwidth, when 1t 1s required that the
channel value 1s estimated with a reception {ire-
quency bandwidth greater than the predetermined
frequency bandwidth.
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